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Acronyms

The acronyms below are typically defined at first use in the text.

ALOS2
CCTV
CSR
DEM
DO
DOE
DOT
EPA
ESA
ESG
ET

EVI
FERC
FEWS
FMCG
GEDI
GIS
GPM
GPS
GRACE
INSAR
KOMPSAB
Lidar
MC
MODIS
NDVI
NGO

NISAR

NLCD
NOAA

Advanced Land Observing Satelite
Closedcircuit television

Corporate social responsibility

Digital Elevation Model

Designated Observables

Department of Energy

Department of Transportation
Environmental Protection Agency
European Space Agency

Environmental, Social, Corporate Governance
Evapotranspiration

Enhanced vegetation index

Federal Energy Regulatory Commission
Flood Early Warning System

Fast moving consumer goods

Global Ecosystem Dynamics Investigation
Geographic information system

Global Precipitation Measurement

Global Positioning System

Gravity Recovery and Climate Experiment
Interferometric Synthetic Aperture Radar
Korean Multipurpose Satellite 5

Light detection and ranging

Mass Change

Moderate Resolution Imaging Spectroradiometer
Normalized Difference Vegetation Index
Non-governmental organizations

Synthetic aperture radar mission being develope
NASA and the Indian Space Research Organizat

USGS National Land Cover Database
National Oceanic and Atmospheric Administratio

0&G
O&M
OpenET

PHMSA

PoR
REITs
RF
S/N

SAOCOM

SAR
SBG
SDC

COSMe
SkyMed

SLC
SMAP
SNOTEL
SWE
STAC
SDCR&A

TanDEMX

TerraSAK

TRMM
USGS
VASP

VIIRS
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They are also defined here for reference.

Oil and Gas
Operation and Maintenance
Open evapotranspiration e stimates

5he¢Qa tALISEAYS FyR |1
Administration

Program of Record

Real Estate Investment Trusts
Radiofrequency
Signato-noise ratio

SatéliteArgentino de Observacién Con Microond
Spanish for Argentine Microwaves Observation
Satellite

Synthetic aperture radar
Surface Biology and Geology
Surface Deformation and Change

Earth-observation satellite s paceldased radar
systemfunded by the Italian Ministry of Researc
and Ministry of Defense and conducted by the
Italian Space Agency

Single Look Complex

NASA Soil Moisture Active Passive
Snow Telemetry

Snow water equivalent
SpatioTemporal Asset Catalog

SDC Research & Applications Team

Highresolution interferometric SAR mission of D
(German Aerospace Center)

Imaging radar Earth observation satellite thatis
jointventure being carried out under a public
private-partnership between the German Aerosp
Centerand EADS Astrium

Tropical Rainfall Measuring Mission

U.S. Geological Service

ValueAdded Service Provider

Visible Infrared Imaging Radiometer Suite
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RTI uncovered privat®ector users across the EO value
chain that may use or benefit from Syfge data.

RTI International, working with the NASA Earth Science Divisiong&&ide Deformation and Change (SDC)
Research & Applications (R&A) Team, conducted this study to capture the needs and priondiee®earch

Earth observation (EO) data users and potential future users of SDC data. Specifically, the goals of this study

were to:

A Bring privatesector user insights to the SDC Designated Observables (DO) team to consider when

appropriate during mission design

A.N2IFRSY b! {! Q& nodmsagMpplcatighR By fiedining potential user communities,
summarizing their current uses of data products, highlighting decisions they make using shéedbkdata
products (or could make with future satellite data), and providing limitations in terms of awareness and
technical realities

A 1dentify ways in which NASA might engage with these communities

I

Data
Providers
scientists,
sensor
managers,
governments,
companies

DATA

Inputs
surveys,
remote
sensing,
field gauges,
interviews,
metadata

-

Intermediaries
data

aggregators,
boundary spanners

INFORMATION
Models, Analyses,
Products, and
Services

Outputs
forecasts,
maps, designs,
syntheses

Earth Observation

Value Chain

End Users
city planners,
resource managers,
meteorologists, policy

makers, community groups,
citizens, hydrologists, investors,

sustainability managers

KNOWLEDGE
AND WISDOM

Decisions

Outputs
recommendations,
alerts, white papers,
policy briefs,
indices, business
briefings

Actions
laws and policy,
emergency preparation,
natural resource

management, city/land
planning, investmen
decisions

The study considered users across the EO
value chain. As concluded byrapongse

et al. (2020), significant opportunities
exist across the EO value chain to
increase the societal benefit of EO data.
Translating data into information for
decisionmaking requires effective
presentation and availability of the data
for the specific purposes of societal and
economic goals. Understanding the
needs of and expanding the use of EO
data by users in the private sector (e.g.,
for-profit companies, nonprofit
organizations), NASA can ensure its EO
data improve decisiomaking and

provide significant societal and economic
impact.

The figure to the left, adapted from
Virapongseet al., captures the EO value
chain and shows how data is transformed
by users to information, then knowledge
and wisdom, which leads to action. The
RTI effort focused on incorporating user
perspectives to identify insights and
needs across the value chain.

1. Virapongse, A., Pearlman, F., Pearlman, J., Murambadoro, M., Kuwayama, Y., & Glasscoe, M. (2020). Ten rules tocieiadasitbetearth
observations. Earth Science Informatics. 13. 10.1007/sT24H453w


https://science.nasa.gov/earth-science/decadal-sdc
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CKAAa a0dzRé &adzLlJLI2 NI SR b! {
the use of future EO data and data products.

This SDC study was part of a broader stuaftich also includes Aerosols, Clouds, Convection, and
Precipitation (ACCP) and Mass Change (M@ brings potential privatesector user perspectives and

desires to NASA ESD DO teams to consider for future mission designs. This study focused on understanding
userdesirability as a key element in useentered design, which also considers feasibility and viability.
Learning what drives users, what key decisions they make, and how they want to access and use the type of
RFGF GKIG GKS 5h YAaaarzya Oy RSEAOGSNI A& GKS FAN
O2YYdzyAliASa IyR AYyONBlFaAy3d GKS AYLI OG 2F b! {! Qa

EO Data Value Chain UserCentered Design

™~

1, Use
la Cases
# Use
9 .

\x Use
4 Cases

Desirability (this study)

RTI focused on uncovering data intermediaries
and end users who have needs and desires
that could be supported by EO data.

Use
Cases

Feasibility
DO teams consider feasibility of
nontraditional user desires with
respect to DO mission plans and
potential data products.

Viability
ESD prioritizes mission efforts
based on potential use cases that
g2dzft R 0Sad YSSdG b! {!
valuedrivers.*
UserDriven

*Societal value considerations may include:

A Environmentat applications that could help users make
decisions to reduce environmental damage or preserve
diminishing natural resources

A Healtht applications thatcan improve human health or save
lives, such as identifying heavy aerosolsin the air or
providing early warnings for natural disasters

A Economic applications thatcould create new products or
services, avoid property damage or loss, or reduce risk of job
loss by helping companies maintain steady operations
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RTI applied a useentered approach to understand
and convey the voices of various user communities.

To extend the impact of future DO data beyond research, this study focused on nontraditional applications of
EO data and the associated users along the value chain. Our methodology, detailedpp#mslix was

based on a userentered design framework. This process focused on keyoesgered variables uncovering
potential EO end users across multiple industries, characterizing their needs, and learning how they use dat:
make decisiors to help identify and select user communities and users. This-cesatered research was a

pilot effort for NASA to consider best practices and methods related to engaging and assessing needs of
nontraditional private and publica SO 2NJ dza SNE SIF NI & Ay GKS YAaairzy
the SDC R&A and RTI teams to work together to tackle the task of reaching into and understanding the neec
of these communities with guidance and input provided on thematic areas and other topics by the SDC R&A
team.

UserCentered
Design o
: RTI focused on data intermediaries
EO Data Value Cham and end users that could enable or
________________________ make decisions based on the data.
S o ¥
Cases
u

C’;mcssees

Decadal Survey )
Cases

Science and
Traceability Matrix

2 &
Enabled Cases
Applications

Use

4

- 2

A Use
Casg

UserDriven

e

ESD has arich history of engaging
the research and applications
communities, and this study
sought to expand its reach into

the applications communities.
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RTI and SDC collaborated to select areas of interest,
resulting in the selection of seven diverse user
communities.

Initial brainstorming with the SDC team, feedback gathered from Nd#n Space Research Organization
ISRO Synthetic Aperture Radar (NISAR) actiVvidied the SDC science application traceability matrix (SATM)
were used to guide initial outreach to various user communities. After 50 interviews with existing EO data
users and NASA experts, RTI prioritized a long list of potential user communities across severafiaetors.
goal was to select communities for profiling that are (1) most likely to value synthetic aperture radar (SAR)
data products NASA might provide, which are expected to align with areas SDC may have the highest utility
meet Decadal Survey goals as mapped out in the SDC SATM, and (2) driven bgquteatectors to build

beyond research communities already being engaged through NISAR activities. As shown in theld\gure

0KS O2YYdzyAGASa &St SOGSR I'yR NBAaASINODKSR aLly {5/
User Property Sustainable  Agricultural Oil & Gas (O&  Mineral Water Utility Power
CommunitiesGeohazard Ris  Forestry Field Analysis Infrastructure Exploration anc Management Generation anc

Analysis Management  Extraction Distribution
1\, * .3
& s =2 m R X A
Real estate  Deforestation Commercial Oil and gasasse Mine asset Water utilities Power utilities
investors, monitoring and growers, owners and owners and and their sernvice and their service
insurers, alertservice agribusinesses, theirservice their service providers, providers,
marketplaces, providers crop providers,who providers,who  workingto workingto
and their enabling consultants, worktoreduce workto safely efficiently understand and
service sustainable insurers,and environmental and profitability  predictand mitigate risks
providers  decisionmaking other and financial identify and manage local associated with
workingto in fastmoving agricultural  risks associated extract minerals water supply power
quantifythe consumer goods service with their from the ground risks and generation and
risks (FMCG) providers infrastructure maintain distribution
geohazards companiesand interestedin associated
poseto other understanding infrastructure
property organizations agricultural
fields
SDC Themat
Areas
Solid Earth ¢
Hydrology ¢ ¢
Ecosystems 3 3 3 ¢ ¢
Cryosphere 3 £ ¢ ¢

Closedcircles () indicate thematic areas for which user communities were most interestingin using SDC observables per feedback gathered
during this study. Open circles () indicate additional thematic areas for which SDC observables were of interest.

1. Asperthdo L { ' w aAaairzy { OANSSARISamuBidksNE@ry fadanfigdof @ fhake integrated measurements to understand the causes and

consequences of land surface changes activities. Its activities are relevant to this study because many NISAR datisuberfutuey users of SDC SARglata
products.
2. See factors and the associated analysis in the Appendix.


https://nisar.jpl.nasa.gov/system/documents/files/26_NISAR_FINAL_9-6-19.pdf?_ga=2.129501448.504649304.1621295245-843208160.1541002583
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Research within the seven diverse user communities
was distilled into example user profiles and use cases.

NASA SDC and RTI engaged with a targeted cross section of stakeholders across the value chain for each
community to understand their datp-day roles, their applications of EO data, and opportunities for future

data products. The report profiles a selection of users and use cases for each community. Although not
exhaustive, these profiles illustrate user and community traits, and are intended to help prioritize
opportunities and plan engagement with these communities. Considerations for selecting these
representative communities are described in thppendix

User Community User Profiles Use Cases

Jo

A Subsidence analysis to inform structural damage risk for
commercial property insurers

A Subsidence analysis to reduce underestimation of flood risk
for pension fund real estate investors

Property A Hazard Risk Model Developer
Geohazard A Pension Fund Real Estate
Risk Analysis  Investor

A Deforestation Monitoring A Deforestation monitoring to inform sustainable commodit
Sustainable Service Provider sourcing by FMCG companies
Forestry A Sustainable Sourcing Manager A Carbon stock modeling and monitoring to inform forest
at FMCG Company based carbon trading

A Global inseason yield projection models to inform seed
production decisiormaking

SARbased vegetation indices to inform&eason nitrogen
managements tools used by growers

A Commercial Crop Modeler at
Large Agrochemical Company A
Commercial Corn Grower

Agricultural
Field Analysit A

A Technical Lead at SAFvcused
0&G Service Provider
Infrastructure A Product Manager at Pipeline A
Management  Inspection Service Provider

A Interferometric SAR (INSAR) monitoring of transportation
pipelines to reduce geohazard risks

Ice hazard analysis to inform responseto ice floe risk to
offshore platforms

Mineral A InSAR Lead at EBased A InSAR_forstabiIity monitoring of tailings dams to ensure <
Exploration & Sgrwce Prowder_ operations N o _ o
Extraction A Mineral Exploration Lead at A InSAR for slope stability monitoring at operational pit mines
EOBased Service Provider to ensure safe operations
A Soil moisture analysis to optimize drinking water pipeline

Water Utility A Hydrogeologist at Water leak detection and mai_ntenance o
Management Resources Consulting Flrm_ _ A InSAR for supplementing Global Positioning System data to

A AssetManager at Water Utility  inform groundwater pumping limits set by subsidence

districts

ggvr\llgrration ' A Improvgd snow extent and snow water equivalent (SWE)
and A Operations !_ead at data to inform effl-C|ent, sustaln_able_hydropoweroperatlons
Distribution Hydroelectric Power Utility A SARbased detection of power line risks to vectortire-

ground response
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NASA has an opportunity to build on its support for
SAR communities of practice to help grow broader use
of SAR data in the communities.

The table is informed by interactions with a representative selection of users in each community who were
engaged through onen-one interviews and a series of focus groups, during which users discussed their
priorities and needs with RTI, NASA scientists, and other users in their community. The following four
communities have greater levels of SAR use than other communities profiled in this report.

Key Takeaways Potential Pathways Forward for NASA
Sustainable Forestry Communiw'}

A SAR brings significant reliability enhancements over opticalA  Prioritize engagement (e.g., workshops designed to ease transition to incorpor:

data because it enables consistent data availability for of NASA SAR data into workflows based on Landsat or Sedfihere because
deforestation monitoring in cloudy regions, especiallyinthe  there is a natural synergy between NASA and community organizations (from EO
tropics. service providers to FMCG companies buying carbon offset credits) in wanting:
A Data processors see free data as essential to commercial use the story of the power of EO data in enabling sustainable business decisi@img.
cases given their expansive monitoring needs. A Address community concerns about switching costs (e.g., normalizing harmonizing
A Speckling can be a challenge for SAR image quality; tools or data, creating new training data, creating new models) to go from Sentirel
data products to address this problem could be valued. NISAR or SDC and the EO data user experience to ensure NASA SAR data are

Agricultural Field Analysis Communi

A SAR is a current key driver of commercial yield estimate A Work with privatesector firms to develop nesdeneration data products that
models at large agribusinesses, and itis also used in various improve use cases for agrichemical firms, farmers, and agricultural insurers.

other use cases beyond the scale of field management Commercial crop modelers want to have a more technical working relationship
decisions. NASA to codevelop data products ideal for commercial use cases.

A Currently, agrochemical companies and vahdded service A Recognize that agrochemical companies and VASPs are convinced of the valu
providers (VASPs) spend significant time and internal data in this community, but farmers are relatively unaware and unconvinced of the
resources correcting (radiometrically and for elevation) value of EO data. Work with privasector organizations to increase awareness of
Sentinell SLC files to enable their global use cases. They and champion the commercial applications of EO data with end users. Using trt
want to work together to achieve more modern data formar existing relationships and communication channels can help NASA go further and
and access methods that make commercial use easier. faster in this community than they go could alone.

A In most use cases beyond field management and in some A Recognize that farmers are squeezed financially from all directions and that some
field management use caseld)-m data products delivered potential EO data use cases with societal value (e.g., reducing nutrient pollutiol
every 2 to 3 to 7 days will be valued. But many decisions at  not provide a driver for farmers to learn about and adoptiE3ed solutions.
field scale require higher spatial and temporal resolution Privatesector firms can help NASA delineate sciefoceised and commercially
data. relevant use cases. Use cases driving real financial value should be prioritized.

0&G Infrastructure Management Communi.lﬂ

A TihiII&iljssgtyshe;sc?ﬁléiﬁg:gﬂ?itehd Igc??;zg)rrcinr]izrlyzgnngno;ar'& Recognize that organizations in this community may be hesitant to engage directly
f plt l P gng 9 with NASA. They may be wary of new technology solutions that impose higher
au ines). . N _ . (e.g., by way of new regulatory requirements they must adopt at their own expe
A Risktools that provide certainty in decisiomking are on their business
g.esrl:t.adkby p|pe|:_r|1e owner? a(.:trodss alltpllpellgtis, nOtJUISt M A When engaging them, consider the risk they perceive and work to mitigate it.
'ghrrisk areas. However, imited spatialand tempora A Consider there may be significant opportunities for creggncy collaboration

resolution, vegetation penetration, and look geometries ov ) . L
the United States have made it challenging for monitoring between NASA; thBepartment of Transportatignhrough the Pipeline and

ESNBAOS LINEGARSNE G2 RS AGSNIRHENTMAPIAR gafey ddmnpiagongpoDearmen gi,Lpegasors
Sentinek.. NISAR or SDC may help expand adoption across to address pipeline monitoring needs; these partners have already built trusted
long pipeline assets relationships with key end users in this community.

Mineral Exploration and Extraction Communifi}

A Using InSAR in pit mine and tailings dam stability A Leading E@ased service providers value NASA, but they are generally well
management has a clear business case, which has led to positioned to adopt new NASA SAR products without significant support from N
significant increased adoption of INSAR in the miningindus A Recognize that EO service providers want reliable data access and a better use
inrecent years. experience (to ensure no delay in informing safetitical decisions), and they

A NASA tband data will be highly valued because the longer would value communication of longer time horizons for SAR missions to help a:
wavelength is key to phase unwrapping procedures foruse  their clients that monitoring solutions are here to stay.
cases with large deformations; however, users expectto usd Increase the use of SAR data with research and development collaborations or
various SAR bands/resolutions to meet client needs. peerreviewed research specific to mineral exploration use cases.
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For communities of potential, NASA might look for
opportunities to provide technical support to improve
use of EO data (including, but beyond, SAR).

This table reflects key takeaways and potential pathways forward for the remaining three user communities,
which have lower levels of S&Rperience and understanding he table is informed by interactions with a
representative selection of users in each community that were engaged througbnemee interviews and a
series of focus groups. Users discussed their priorities and needs with RTI, NASA scientists, and other user:
their community.

Key Takeaways Potential Pathways Forward for NASA

Geohazard Risk Analysis Com mu@

A Currently, flood risks are the primary concern to risk A Recognize that organizations in this community have significantly invested in
modelers in the real estate and insurance industries; SDC  existing risk models, and they can be risk averse in adopting new models and data

can improve flood risk models by accounting for sources. Further, those processing EO data for this community may be hesitant to

subsidence. discuss technical modeling approaches with peers. Recognize these factors and
A Subsidence impact from aquifer drawdown and develop programs that support that culture. Design programs that organization

permafrost melt are of growing concern because of the comfortable participating in without expectations for shared visibility into internal

associated potential for building damage, and commercial processes inreturn.
property insurers look for ways to capture this risk in theid Ensure data products enable long tirseries analysis (e.g., combining Sentihel
models. and NISAR data easily) to enable the long tseeies analysis desired by this
A To inform models that forecast future hazards, long time community.
series, free, expansive data are valued over high spatial A Enable developers of flood models in this community, both private and public, by

and temporal resolution data. providing technical support to help incorporate subsidence data into their models.
A Improved temporal resolution on land cover national me A If possible, partner with the U.S. Geological Survey to increase the refresh rate of
would improve fire forecasting. the land cover national maps, targeting ayéar update frequency.

Water Utility Management Community';’

A InSAR is valued to complement groubased, spatially A Work to unlock the barrier to scaling useloBARor monitoring groundwater

limited subsidence measurements in monitoring withdrawals. Existing users said the costni8AR oftware is a barrier. NASA should

groundwater depletion, but the cost of INSAR software further engage these users to determine if (1) highrel data products from NASA

limits use in this community. can obviate their need fdnSARprocessing internally and (2) solutions thatreduce
A InSAR canimprove dam and levee management, and the cost barriers associated withSARrocessing for these users can be found.

surface water extent may help manage dam flood risk.
However, temporal resolution needs are intraday in order

to replace existing safetgritical, groundbased sensors. Across both communities:
A Higher temporal resolution quagol L-band data are A Decisiormakers value SWE data products. Consider engaging these
desired for polarimetnbased water and wastewater leak communities together in the future if NASA gains additional insight into the
detection. O2YYdzyAiASaQ {29 RIdF LINPRdzOG ySSR&a®
A Enhanced SWE data products would improve drought A Using SDC data can benefit these communities, but SDC data play a more
prediction; granular soil moisture data could help manage complementary role to other EO data in potential use cases than a driver role
droughts. in many cases. NASA should consider this fact and not lead with SAR data
- . roducts when engaging this community.
Power Utility Management Commun'ﬂ A FI:%ecause they do r?otgha?/e significant Eg) expertideounse, utilities rely on

external partners, including federal agencies (e.g., NOAA regional river flow
would improve hydrogeneration asset management. forecasting centers) and privatgector consultants to enable their use of EO
A Soil moisture, surface water extent, and Ssed activity data products. Ensure that future NASA engagements with this community
monitoring could help manage power distribution risks recognizes this fact. Direct engagement with utilities can help NASA
related to drought and fire and righif-way management. understand their data needs, but utilities will need NASA, other government
organizations, or privatsector partnersto incorporate EO data into high
level data products before use.

A Enhanced accuracy and coverage area for SWE products

Note that in the context of this report, the property geohazard risk analysis community includes real estate inveseossimagkatplaces (i.e., an online
platform where buyers, sellers, and other real estate stakeholders can interact and learn or share about specific pap eties)ys working téorecast 10
the risks geohazards pdseproperty. The study did not focus on organizations that use SAR resipdiod to gechazard eventdthough some companies

(i.e., insurance companies) from the property geohazard risk analysis community may also be involved in those activities.
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A better user experience accessing EO data and
continuity were often on par with, or a higher priority
than, specific data attributes across communities.

This analysis reflects the input shared by a representative selection of users engaged throwgkooae

interviews and a series of focus groups, during which users discussed their priorities and needs with RTI, NA
scientists, and other users in their community. These takeaways are illustrative, but not exhaustive, of users i
each community.

The table below reflects key data attributes and priorities for each user community. User preferences for
spatial resolution, temporal resolution, spectral band, and polarization varied not just by community, but also
by use case within each community. The valudmid in the table do not necessarily work well for all use
cases in the community; thedmld values are instead provided to indicate a value acceptable to most use
cases in the community.

Table Legend

Valued in Most Community Use Cases
Ranges are (bestase attributed; preferred) (worstcase attribute where data still value

Valued Data Attributes

Data Attribute Priorities High Priority Expressed by Community Engaged in RTI Study
Valued But Not a High Priority Expressed by Community Engaged in RTI Stu

Valued Data Attributes and Priorities

User Communi
ty Spatialres. Temporal Spectral Polarization| Latency Coverage Continuity Other
res. band area

Property Geohazard 10 m 7-day bb{t;??]grs Duakpol vaZjLﬁS

Risk Analysis <3¢30 m | Dailymonthly valued singlequad Low prioriy
L-band

. 10 m 7-day but Cband

Sustainable Forestry 8 q.a0' IS

value

Agricultural Field 10 m 7-day
Analysis 2¢10 days

Oil & Gas i
Multiband single pol
Infrastructure But L-band -
- Singlequad
Management unique value

Long time series
helpful
for historical
analyses

Mineral Exploration
and Extraction

N Multi -band Long time series
Water Utility Quad pol Watershed helpful
but L-band } - :
Management unique value Duakquad Regional for hISIIOI’Ical
analyses
Long time series Easier pathto
Power Generation Variable . Regionat helpful understand
and Distribution 10¢100 m Nonspeciic/  Dual pol National for historical available NASA
analyses products

11
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This study profiled several users and use cases for ea
user community.

RTI engaged with a cross section of stakeholders across the value chain for each user community to
understand their dayo-day roles, their applications for SAR and other EO data, and opportunities for future
data products including SDC. The report profiles a selection of users and use cases for each community.
Although not exhaustive, these profiles are illustrative and based on direct input from the private sector.

User Community User Profiles Use Cases

Jo

’y

K’:-:éz-

A Subsidence analysis to inform structural damage ris
commercial property insurers

A Subsidence analysis to reduce underestimation of fl
risk for pension fund real estate investors

Property A Hazard Risk Model Developer
Geohazard A Pension Fund Real Estate
Risk Analysis  Investor

A DeforestationMonitoring

Service Provider A Deforestation monitoring to inform sustainable

Sustainable . . commodities sourcing by FMCG companies
A Sustainable Sourcing Manager : N :

Forestry . A Carbon stock modeling and monitoring to inform forest

at FastMoving Consumer based carbon tradin

Goods (FMCG) Company 9

: A Global inseason yield projection models to inform se

Agricultural A E;rméngr?oegr% rr?qﬁ)cm%jgrlﬁr:; production decisiormaking
Field Analysit ge A9 PaNY A saARbased vegetation indices to inform&eason

A Commercial Corn Grower :
nitrogen managements tools used by growers

A Technical Lead at SARvcused
Oil & Gas Service Provider
Infrastructure A Product Manager at Pipeline A
Management  Inspection Service Provider

A Interferometric SAR (INSAR) monitoring of
transportation pipelines to reduce geohazard risks
Ice hazard analysis to inform responseto ice floe ris
offshore platforms

Mineral A InSAR Lead at EBased A InSAR for stability monitoring of tailings dams to ens
Exploration & Service Provider safe operations
Exfraction A Mineral Exploration Lead at A InSAR for slope stability monitoring at operational pit
EOBased Service Provider mines to ensure safe operations
A Soil moisture analysis to optimize drinking water
Water Utility A Hydrogeologist at Water pipeline leak detection and maintenance

Resources Consulting Firm A InSAR for supplementing Global Positioning System
Asset Manager at Water Utility ~ (GPS) data to inform groundwater pumping limits se
subsidence districts

Management A

Power A Improved snow extent and snow water equivalent
neration : WE inform efficien inable hydr
Generatio A Operations Lead at (S )_datat0| orm efficient, sustainable hydropov

and Hydroelectric Power Utility operations
Distribution A SARbased detection of power line risks to vectoron

the-ground response

13
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Each user community has a unique organizational
makeup, technical needs, data users, and use cases.

The report synthesizes our extensive user interviews and focus group efforts into comlauelty

summaries that are intended to inform the reader of how they currently or may use Earth observation (EO)
data. These insights reflect the perspectives and needs of users across about 50 private companies and
nonresearchorganizations. Although these writeups are not intended to be an exhaustive summary
representative of all possible data uses and use cases within the community, they provides illustrative

SEI YLX S&a 2F LRraarofsS adl1SK2f RSNA G2 Sy3ar3asSz GKS

Each user community writeup is divided into five sections:

A TheCommunity Descriptiorsummarizes the community, its stakeholders, and how Surface Deformation
and Change (SDC) data may affect the community in the future.

A TheOrganizational Assessmembvers the types of decisions made by community members, stakeholders
along the value chain, and their general appetite for risk and innovation.

A TheTechnical Assessme@2 SNE a Gl {SK2f RSNEQ ySSRa sknhdic LINKA 2 N.
aperture radar (SARJata attributes and data format/access preferences.

A Use Casedemonstrate how SDC data might be used (currently or in the future) to make decisions.

A User Profiled N2 A RS | G LISNE2YF¢ 2F | LRGSYOGALrf RFEGF dz
data.

14
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SDC User Community Profiles

@ Property Geohazard Risk Analysis
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User Community:
@\ Property Geohazard Risk Analysis

Community Overview

The property geohazard risk analysis community includes real estate investors, insurers, marketplaces (i.e.,
an online platform where buyers, sellers, and other real estate stakeholders can interact and learn or share
about specific properties), and others working to forecast the risks geohazards pose to property. Accurate
geohazard risk analysis is needed to appropriately appraise properties, structure property insurance policies,
and mitigate and communicate risks to property investoranging from pension funds to individual home
buyers. The economic and societal impacts of accurate geohazard risk analysis are significant. In the United
States alone, the commerciadnd residentiad real estate markets combine to exceed $50 trillion in value.
Accurate and timely understanding of geohazard risks to these properties helps protect the lives and
livelihoods of homeowners and renters, commercial real estate investors, and insurers. The stability provided
by risk analysis enables future economic growth.

Selected User Profiles for SDC ® Potential Use Cases for SDC Data Products

Intermediaries Subsidence analysis to inform structural damage risk profile ¢

commercial building for property insurer

Pension Fund Real Subsidence analysis incorporation into flood model to reduce

Hazard Risk Model Developer e .
Estate Investor underestimation of flood risk

Moving Forward for SDC

Hazard risk model developers, investors, and insurers need improved data to create and use models that
provide confidence in decisions, and ultimately mitigate risk. NASA SDC can provide data of value, especiall
if its data is able to combine with program of recoRbB SAR products to enable long tirseries analysis.

Based on input via interviews and focus groups, the reality in this community is that expertise with SAR data
is relatively low. RTI recommends that SDC consider support ofevghdata products to incorporate SAR

data (e.g., flood models, land cover maps) to serve this community; most community members, with
exceptions, are unlikely to value Level 0 and SLC data products. Beyond SAR, NASA efforts to assimilate da
from multiple variable missions into key hitgvel products, such as flood models, may help simplify

workflows and increase trust.

The broader use and adoption of new models to more accurately predict exposure to hazard risks could be
driven by (1) unique insights in new products (e.g.,megwolution soil moisture products), (2) improvements

to existing products (e.g., higher temporal resolution U.S. land cover product), and (3) clear demonstrations
of the benefits of newer approaches. Additionally, this community recognizes the impact of the increasing
numbers of climate change events on the portfolio (e.g., increasing number of financial loss events
associated with underestimation of risk), which will drive interest in new and improved products.

1.Nareit (n.d.). Estimating the size of the compdreal estate market in the Uy@ww reit.com/dataresearchiresearch/nareitesearch/estimatingize

mmerci k market
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User Community:
Property Geohazard Risk Analysis

@

Organizational Assessment

In the context of their decisiemaking, real estate and insurance firms increasingly recognize the importance
of understanding hazard risks, especially those that climate change might exacerbate. The real estate and
insurance industries are likely to increase their use of EO data in the future because they already use EO da
to inform decisions and they are increasingly interested in understanding hazard risks. Sophisticated risk
modelst in some cases including remote sensing dad@e used today to forecast risks associated with

specific properties and to facilitate broader regional and national hazard risk analyses. However, given that
organizations in these industries have long used risk modeling to ensure profitability, they may be hesitant to
move beyond existing investments in historically profitable tools and processesa@eadded service

provider YASP) mentionedy A y & dzZNB NR | NB  dza yeArdatay BuRI®dghits i0 Geinfaurly aré y 1
changing. They have invested a lot in existing tools. This makes them not want to change. Also, agricultural
YIe 0SS 2yf & o7 ARafesultKhts prédlspaRitiditdaart éxigtidg methods could slow

adoption of new EO data products and related hazard risk analysis methods. Broader use and adoption of
new models to more accurately predict exposure to hazard risks could be driven by (1) clear demonstrations
of the benefits of newer approaches and (2) increasing numbers of financial loss events.

Most organizations in the real estate and insurance industries rely on external data products and models,
both free resources from governmental organizations and those purchased via external consultants, to
understand aspects of hazard risks. With notable exceptions, internal research teams developing remote
sensingdriven risk models are rare at major insurers and real estate firms. These firms do recognize the
value of besin-class hazard risk modeling, but they feel external partners (including other pseater

firms and national or multinational governmental organizations) are best positioned to produce models.

Data sources are specific to the geohazard bei‘wg
assessed. For flood risk analysis, dedan the
Federal Emergency Management Agency (FEM
andNational Oceanic and Atmospheric
Administration (NOAA)re used for modelingin
the U.SGlobal Precipitation Measurement
(GPM (and previouslyropical Rainfall
Measuring MissiofiTRMM]) Gravity Recovery
and Climate ExperimenfGRACERnd other data
are critical to inform flood models outside of th¢
U.S. For subsidence analySentinellis used to
inform nationalevel maps and perform regiona
analyses. For fire modeling in the UtBe, U.S.
Geological SurvefUSGS) National Land Cover
Database (NLCD$ a key data source for fire ris
modeling;U.S. Department of Agriculture
(USDA) and local fire modeksre also leveraged.
Biomass density mapare of interest, but

A

specific products used were notidentified.

Intermediaries use sophisticated risk
models to fore cast risks and support
decisionmaking for their clients.
Example intermediary users include
Hazard Risk Model Developers
working within aninsurance company
oras consultants; the risk model
developer sources and assimilates E
and other data into models that
predict likelihood and severity of
hazardous events. SimilarlyHazard
Mitigation Specialistatan
engineering consulting firm, works
with internalteams or clients to
understand and mitigate risks during
the site selection and design phases
new buildings and infrastructure
projects.

Ay

pry

End users making decisions based oh
EO data includBension Fund Real
Estate InvestorsRisk Engineers at
Commercial Property Insurance
Companies(working directly with
insurance buyers and converting
hazard risk model outputs into
insurance policy pricingReal Estate
Marketplaces(that may communicate
hazard risk to their users, such as
homebuyers), andctuaries at Index
Based Microinsurance Providefsvho
structure parametric microinsurance
and coordinate payouts for disaster
insurance to lower income people ang
businesses).

Profiled in this report

Profiled in this report
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User Community:
@\ Property Geohazard Risk Analysis

Technical Assessment

SummaryTrustworthy data with global coverage at no cost to access are prioritized over spatial and
temporal resolution. For temporal resolution, users need weekly to monthly resolution for most applications.
Users prefer 16n spatial resolution data, but most applications work well withn8@patial resolution;

generally, the utility of spatial resolution is limited by that of the digital elevation model (DEM).

Current Data Products Used

Flood Modelingfor flood modeling in the United States, members of heperty geohazard risk analysis
community usé~EMA flood and NOAA products. GPM (and previously TRMM), GRACE, and other data are
critical to inform flood models outside of the United States (where FEMA data are not available). They might
use various regional/local products if they believe they are reliable, accurate, and sufficiently recent.

Subsidence AnalysidMembers of theproperty geohazard risk analysis community Geatinetl to inform
nationatevel subsidence maps and perform regional analyses. They hav@essa8AR and other high
spatial resolution satellites in narrower (e.g., structaale) analyses. They rely on USGS data on for
earthquakes.

Fire ModelingUSGS NLCD is a key data source for fire risk modeling in the United States; members of the
property geohazard risk analysis community also leve$feA and local fire models. Biomass density maps
are of interest, but companies engaged in the related focus group and interviews did not identify specific
products.

Preferred Data Attributes

Spatial ResolutionUsers prefer, and deem acceptable;m0spatial resolution data products for most
applications; sud0-m resolution is recognized as a potential requirement for specific site analysis (e.g., due
diligence on a property before purchase), but this resolution is not needed for regional, national, or global
risk modeling. After processing (e.g., speckle removalin 3patial resolution products are acceptable for

most risk models, although 10 m is preferred. Users view the resolution of the DEM used in risk models
(typically 30 m to 90 m today) as a factor limiting the utility of higgolution SAR data. Coarse resolution

(>30 m) may be used but is of lower value.

Temporal ResolutionUsers in thicommunity view veekly revisit as ideal for products, including subsidence
and land cover. For land cover, even an annual update to the national map product would provide significant
value over the currentfear update period (this was a leading request from multiple insurance sector
modelers). Users desire higher temporal resolution than currently accessible soil moisture data for use in
post-event flood condition detection to inform flood model development. With only weekly revisit, a flood
condition may develop and resolve between visits; thus, daily revisitis desired to understand where floods
have occurred for flood risk modeling purposes. Note that in this use case, low latency (weeks or months) is
acceptable because data are not informing flood response.
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User Community:
@\ Property Geohazard Risk Analysis

Technical Assessment

Preferred Data Attributes (continued)

Spectral BandSpectral band is low priority-lhand is acceptable for most use cases because higher spatial
resolution is not needed, andldand may provide some benefit in areas with significant vegetation cover.

Polarization:Soil moisture (for flood risk) and land cover (for fire risk) are of interest to hazard risk modelers;
thus, at leastlualpolarization ¢lualpol) or quadpolarization (quaepol) would be valued.

Latencylatency is a low priority for developing future risk projection models; monthly is seen as acceptable
for most of these use cases. Users desire a time series in the 3G+year range to inform projection of
future risks.

Note that insurance claim payouts (p@stent assessment and payment) and disaster response were not
considered in detail in this report section (which focuses on future risk projection). High latency in these use
cases may save lives and livelihoods. Commercial insurers have a strong need for reliable low latency and
high temporal resolution data for these events; they are likely to source commercial data for these use cases
when such data are not available from NASA or other agencies. Notably, this commercial data sourcing
method may be challenged for microinsurance products (which seniedome people Microinsurergwho
provide products with down to $1/month premiums) expressed concern that paying for EO data would
negatively affect their product pricing such that fewer-daaome businesses and people would have less
access to affordable insurance; this community, which is predominantly aimed ahlkdbwiddleincome

countries would also benefit from highly reliable, low latency, high temporal resolution data but has limited
ability to pay for data. Puerto Rico is likely an early adopter of microinsurance products in the United States.

Coverage AredGlobal coverage over land is highly valued. Model developers work globally, and an ability to
employ consistent methods (e.g., only sourcing SAR data from SDC to inform global models instead of
sourcing from multiple, variable missions depending on geography) is highly desired to simplify workflows.

Data FormatsHazard risk model developers would like SLC files to be available and expect to leverage them
in their own processing techniques for many use cases; these users would consider usdesehiggia

products from NASA or other providers if their processing aligns with the specific use case of interest. Other
users in the community who may be less familiar with EO data than model developers would likely only use
highlevel data products. Key products of interestinclude land use maps, subsidence maps, and subsidence
adjusted flood risk maps; access could be through NASA or partnering agencies.

Other:For existing free SAR sources, data access can be a bottleneck because of how data are cataloged ar
the time needed to download data. A better user experience is desired.
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User Community:
@\ Property Geohazard Risk Analysis

Use Cases

Within this community, use cases that may benefit from SDC data products exist and include the following.
Use cases withold text have additional detail.

A Subsidence analysis to inform structural damage risk for commercial property insurers

A Subsidence analysis to reduce underestimation of flood risk for pension fund real estate investors

A Subsidence analysis to monitor structural integrity of coastal protection systems to inform flood risk models
A Land cover data to inform likelihoeaf-occurrence component of wildfire risk analysis

A Woody biomass density and height to estimate destructiveness component of wildfire risk analysis

A Soil moisture analysis to inform drought risk component of automated valuation models on real estate
platforms

A Soil moisture analysis to inform future flood risk models

Subsidence analysis to inform structural damage risk for commercial property insurers

The challengeWhen developing an insurance policy, commercial property insurers want to understand the risks different hazards pose o
damaging the building or other property to be insured. Accurately understanding these risks informs policy pricing ttezidcalapetiiveness
with profitability. Subsidence damage risks are a growing concern to insurers because of subsidence induced by aquideradeplet
permafrost melt.

How EO data might helpin hightisk areas, at least (but potentially globally), insurers desire the ability to incorporate historical subsideng
analysis into their risk models to account for potential structural damage to buildings or infrastructure. Insurers ageondgtlinsider investing
in producing their own subsidence monitoring toolshtiouse from SLCs, but they would also be open to using external prodattaéet their
needs.

D

Key data attributes:Insurers desire monthly refresh of subsidence products or SLCs globally overland because they work globally and benefit
from consistent methods across geographies. They pre fanHpatial resolution, but 30 m may be acceptabldp3®b-m resolutin is seen as
potentially needed to conduct due diligence for specific properties, as opposed to regional assessment of risks. Loagg{1bresseries data
are valued but not required for use.

Subsidence analysis to reduce undestimation of flood risk for pension fund real estate
Investors

The challengeWhen managing their portfolio, real estate investors try to limit overexposure to a specific hazard; hazard risk anadysss inf
inve stment/divestment decisions to balance portfelevel risk. Flood risks are challenging for inve stors to understand tttdayworry about
underestimating flood risks in areas experiencing subsidence and where coastal protection systems are degrading.

How EO data might helpincorporating subsidence data into flood risk models can improve confidence that the model does not underesfimate
risk. Higher confidence will enable continued, sustainable investment i nrigkiproperty areas, will ensure steady returns fensioners, and
may contribute to adoption ofresiliency measures.

Key data attributes:Investors desire monthly refresh of subsidence products or SLCs globally overland so they can consider reallocating
Ay@dSaildySyida olaSR 2y Fit22R YR 20KSNIJKFTIFNR NARAlA | dpréfdi BN e 4} ¢ K
spatial resolution to allow for future DEM improve ments, buti@desolution would be acceptable today.
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Developer

User Community:
Property Geohazard Risk Analysis

Who are they?

Scientists with a background in
remote sensing are developing new
and improved models to support
accurate risk projections across a
broad range of hazards.

Intermediaries

Hazard Risk Model
Developer

Who do they work for?

They work within a team of
researchers to support internal
teams (e.g., risk engineers who use
their models to price insurance
contracts) or external clients
interested in understanding hazard
risks in their decisiomaking.

G2S g2N) At 201 f ¢
the U.S., FEMA has good
products, but satellite data are
important to giving us global

scale; it gives us data where

data would otherwise be

f I O1AYy3Ade

T Hazard Risk Model Developer,
Commercial Property Insurer

&
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Hazard risk model developers source and
assimilate EO and other data into models
that predict the likelihood and severity of
hazardous events for their clients.

What decisions are they making (and how) today?

As a VASP within a value chain, these users enable user decisions;
however, they must also enable internal decisions within their research
team. These decisions include when and how to incorporate new data
and modeling techniques into their new or existing models to improve
confidence, resolution, or other attributes. Their research team
supports decisions that vary by client. For insuraseetor clients,

which may be internal or external, these users support risk engineers
working to understanding how hazard risks can be priced for insurance
contracts; they also work with clients to identify levels of risk and
strategies to mitigate risk. For real estate clients (e.g., REITs, pension
funds, mortgage brokers), they help quantify risk across asset holdings
to inform investment/divestment decisions that balance risks, or they
support tools that help communicate risks to different stakeholders
(e.g., flood risk indicator incorporation into real estate marketplaces).

To inform these types of decisions, they develop models related to
flooding (e.g., coastal storm surge, fluvial floods), wildfire risk (including
probability of and potential damage associated with a burn), storm risk
(e.g., heavy snow on roofs, mudslides), drought risk, temperature risk,
and other risks that may correlate with future hazdrased damages to
property value. Models may be unique to specific projects or leveraged
across multiple projects.

Do they have experience with EO data?

They either have some or extensive experience with EO data and
combine EO data with other spatial data sets in their-tiagiay work.
They may have a particular focus area or expertise (e.g., hydrology),
hich.gjves t Jnderstanding of available EO data products
gnd r%cg)%e é]gh{fe@h%%i%Z?Thz\y ﬁay not be familiar with or have
experience processing all remesensing products (e.g., SAR products),
but they are comfortable learning because they realize it may take more
time/resources to include fewer familiar products into their models.

What do they want or care about?

They want to build models that give their clients (internal and external)
confidence in making datdriven decisions that mitigate risk. In
developing models, they care about identifying data products and
approaches that will be scalable to all geographies in which they work to

save time/resources through consistent processing. o



Hazard Risk Model
Developer
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do strike in the same place
twice. We help our clients
leverage the historical record of
hazard data, from local reports
and remote sensing
observations, to quantify what
has happened in the past to
inform their understanding of
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T Hazard Risk Model Developer,
Property Risk Platform
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starting to enter our radar in
recent months. There was a big
loss from hurricane Aida, which
may be linked to subsidence.
YR AlQ&
structures group, as it can lead
to cracking or heavy damage to
buildings. So, we could
definitely use a subsidence
product. It would be a big
undertaking to make it
ourselves, but even that is
something we might consider
0SOldzasS 2F (KS
T Hazard Risk Model Developer,
Commercial Property Insurer
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What are their technical needs?

They highly value long (10 to 30+ years) teegies data to increase
O2yTARSYOS Ay (GKSANI Y2RSfaQ LNee
high-level data products (e.g., sea level rise projections), they also value
the ability to manipulate model assumptions; they do not like for these
products to be opaque in their assumptions. To enable consistent
methods across projects, they value global data products, especially
outside of the United States; these products prevent them from needing
to gather and clean new data sets for all new projects. For any data
product, continuity/consistency in data capture is critical to delivering
data that can be used in models appropriately. For example, for SAR
data, they would value NISAR and SDC data more highly if it could be
easily used in combination with other POR SAR products.

What would motivate them to use NASA EO data?

They are significant users of NASA data today. Moving forward,
continuity with the PoR will be key for their use of NASA data products,
because all their use cases require significant historicaltieres data.
For many, the availability of higlbvel SAR data products from NASA or

T Ranersavoyldgingreasetheir use of SAR data, because the capability to

process SAR data is relatively low today (although this may change
moving forward). If NASA could improve existing product characteristics
(e.g., U.S. land cover product temporal resolution) or deliver unique
insights in new products (e.g., higésolution soil moisture products),

they may be.motivated to use the products sooner (e.g., when only 5
ﬁyrsuoagd%aﬁeuavaﬂa%le) iy would otherwise.

What are their adoption barriers for using NASA EO data?

They will be slow to, or never, adopt data products without a long time
series. So, products that are new to NASA that align witAN8A PoR
data mitigate a key adoption barrier.

What are they afraid of?
As climate change affects the severity and frequency of hazardous

' évéh’é, ‘ﬁﬁéy worry their ability to leverage long tirseries data to

project future risks accurately may be compromised.

What do they NOT care about?
Shorter latency, even when temporal resolution is high, is desired.
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Real estate investors need to understand
hazardbased risks to assets across their

. global portfolio.

Pension Fund Real Estat
Investor

User Community:
Property Geohazard Risk Analysis

Who are they?

Often bringing a finance background
to decisioamaking, they work with
an internal team to develop and
maintain a global portfolio of real
estate investments through
investment/divestment decision
making.

Intermediaries

Pension Fund Real
Estate Investor

Who do they work for?

They work for investment teams
within pension funds to ensure
steady retirement incomes for their
clients. Their role is to help manage
the real estate exposure of the fund,
which typically also invests in other
assets.

GCENARAEEA2Yya 2F R?2
in the global real estate market.
We need to understand flood risk
to protect future economic

[e

ANR 60K ®E S

T Senior Real Estate Investor,
Pension Fund

What decisions are they making (and how) today?

Pension fund real estate investors are making decisions on how to
rebalance their portfolio in a changing world to avoid overexposure to
any particular risk, while striving for steady returns over the long term.
Economic, political, social, technological (including geological), and
other factors are used as inputs to the portfolio management decision
making process. Changes in portfolio risk levels are typically assessed
a regular interval (e.g., quarterly), but the global risk exposure is
estimated over the long term (including up to 100 years into the future).
If overexposure to a specific risk (e.g., flood risk) is identified across the
portfolio, actions may be taken to counterbalance the risk; in the flood
risk example, actions could include divestment of assets in regions with
higher flood risk or investment in assets with lower flood risk. To
facilitate the investment or divestment of specific assets, real estate
investors may source more granular (e.g., propsigcific) data than

are used in their portfolidevel review process.

Do they have experience with EO data?

Typically, they do not have direct experience with EO data. They
recognize the value these data bring to their risk analyses, and they
often have experience leveraging purchased, custom analyses (e.g.,
subsidence assessments by CGG, flood risk analysis from Climate
Adaption Services) or free data products (e.g., FloodFactor, FEMA flood
maps) from third parties to inform their analyses. In both scenarios,
they rely on third parties to continuously identify and develop the best
data and modeling methods.

What do they want or care about?
They care about accurately understanding risks across their global

f fpd'rtfbh%. Uﬁdé‘r@andina floBdtikklinthe context of a changing climate,

including rising sea levels and damage to coastal protection systems, is
primary concern. They recognize there are trillions of dollars at stake in
the global real estate market and that climate change is challenging
their traditional measures of assessing and mitigating risk exposure.
They want trustworthy inputs into their analyses to inform their
management of exposure to changing hazard risk levels.
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we underestimate flood risk due
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for levees or other flood
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their status in some countries,
but in many cases its not clear
what was built or if protections
were damaged in the last
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What are their technical needs?

They can accept weekly or even monthly data product updates, because
the updates primarily inform their quarterly portfolio review and risk
assessment. They strongly value historical tseges data to increase
confidence in decisiemaking, and they place a low priority on spatial
resolution (at least for portfolio management); -B0 spatial resolution is
$egN ag cep\p@bbfe.|.G|kq)ﬂa|l aprroaches to risk modeling are desired to
bring uniformity to decisiommaking, but they recognize this technical
challenge is hard to solve. Their biggest technical challenge is model
reliability. In one example, a real estate investor commissioned physical
risk assessment reports from six privatector risk modeling firms. They
selected the two best firms to use in future work, but even these best
performing firms often delivered negatively correlated risk assessments
to the real estate inyestor, indicating technical challenges.

: RIU0F az2dzNDS

What would motivate them to use NASA EO data?

They are interested in using NASA data, and they would trust NASA
models more than privatsector models.

What are their adoption barriers for using NASA EO data?

Because they lack technical maturity, these users rely on third parties to
produce higHevel data products. If NASA or another trusted
organization, such as the United Nations, created relevant flood risk and
other data products, they would consider using them in addition to, or
instead of, thirdparty models.

What are they afraid of?

They are afraid of both oveand underestimation of hazard risk,
threatening their longterm returns and, thus, the retirement income of
their clients.

What do they NOT care about?

They do not care about leveraging proprietary data or methods to gain
leverage over competing investors. They want data that will reduce the
global risk of hazard exposure for all. Yet, because the data are key to
their business, they will buy it from thuparty providers until
governmental organizations make it freely available.
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N Sustainable Forestry
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n User Community:
{7 Sustainable Forestry

Community Overview

The sustainable forestry community includes sustainable sourcing managers for FMCG companies that buy
commodities, commodities producers/growers, conservation organizations, carbon market actors, regulators,
and deforestation monitoring service providers (who help other organizations in the community benefit from
EO data). As a community, they are faced with the challenge of preventing unsustainable forestry
management practices (e.g., the clearing of protected forests for grazing, illegal logging) that can result in
decreased biodiversity, soil erosion, and increased greenhouse gases in the atmosphere, for example.

Key User Profiles for SDC L d Key Use Cases for SDC Data Products

Intermediaries

Deforestation monitoring to inform sustainable commodities
sourcing by FMCG companies

_ Deforestation Sustainable Sourcing Manage Carbon stock modeling and monitoring to inform foréstsed
Monitoring Service Provider at FMCG Company o carbon trading
Moving Forward for SDC

Sustainability managers, deforestation monitoring service providers, and others in this community require
dependable, global data to monitor forests across their supply chain, and NASA can be well suited to meet
this need. Furthermore, because most companies in this community are interested in communicating (i.e., in
their marketing materials) their sustainability efforts to different stakeholders (e.g., consumers of FMCGs,
investors, potential customers), this community offers an opportunity to increase awareness of the existence
and benefit of NASA EO data.

SDC has an opportunity to provide certainty for this community by enabling consistent data capture and
access and a commitment to data availability over a long period of time into the future. NASA can help third
party suppliers by communicating plans in terms of commitment to reliability and longevity, as well as
communication on operational changes. NASA can commit to maintain free access to SDC data online, with
stated lifetime to ensure long time series. With that, operational data use processes would be worth the
commitment to develop for SDC data. In general, these users would value improvements to the user
experience, including clodb-cloud data transfer to simplify how users evaluate, source, process, and derive
insights from EO data. They would also appreciate tools for incorporating NISAR (and eventually SDC) data
into workflows that may be Sentindl focused today, which would also help reduce switching costs/increase
rate of adoption of NASA data products.

To scale use cases beyond deforestation monitoring, NASA could facilitate an innovation ecosystem to
improve carbon stock modeling or otherwise help drive carbon markets that incentivize reduction of
greenhouse gas emissions. By helping synthesize EO data (e.g., methane emissions tracking, sustainable
agricultural practice quantification) and ndfO data (e.g., land ownership), NASA could improve methods
leveraging historical EO data, such that new fotessed carbon credit sellers can join the market soongr.

1. 'FMCG company
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n  User Community:
@ Sustainable Forestry

Organizational Assessment

Initially driven by conservation organizations, the sustainable forestry community has years of experience
using EO data for deforestation monitoring. In the face of climate change and shifting consumer preferences,
corporations have continued to become more directly involved with efforts to ensure sustainable forestry
practices to maintain the lonterm supply of valuable commodities and protect and grow brand loyalty.

In this community, deforestation monitoring service providers are the primary users of EO data. Both
nonprofit and commercial service providers are processing EO data globally to monitor deforestation events.
They primarily support conservation organizations and those involved with commodities production and
purchasing; the role of carbon markets in this sector is relatively new and may play a more prominent role in
the future. Although carbon markets broadly are not new, they represent a potential growth area for the use
of EO data in this community. The need for action to combat climate change and the maturing EO industry
may combine to drive expansion of carbon markets in the future. As carbon markets expand, opportunities
for using NASA EO data may increase.

Corporations involved with sustainably sourcing commodities are motivated, in part, by their corporate social
responsibility (CSR) and environmental, social, corporate governance (ESG) goals, alongside their desire to
ensure a future supply of commodities. Sustainable sourcing practices are often a marketing strategy for
specific products to improve brand loyalty and corporate recruiting efforts to help attract and retain talent.

As such, these organizations naturally champion their use of EO data, along with other sustainability efforts,
to achieve the desired impact on consumers and staff. These organizations present an opportunity for NASA
to increase the visibility of the impact of EO data. They are a natural partner because their interest in
publicizing the benefits of their use of EO data may positively affect their bottom line and could augment

b! {1 Qa4 RSAANB (2 KAIKEAIKG az20ASGrtf o0SySTaida 27

Multispectral, SAR, light detection anli Private-sector and nonprofit End users in thiscommunity de pend
ranging (Lidar), and other data are Deforestation Monitoring Service on intermediaries to make decisions
used. Across data sources, users highly Providersdrive the leadinguse casein | basedon EO data. These users inclufle
value global coverage and free data tp | this community, enabling FMCG Sustainable Sourcing Managers at
enable scalable process&entinel1 companies to make sustainable FMCG Companiesyho rely on EO datg
SLC fileandLandsatdata are key for sourcing decisions. These service to make sourcing decisions that ensufe
driving commercial use cases today. providers are expanding to include long-term material availability and
MODIS anWisible Infrared Imaging additional services and are competing | achievement of sustainability goals,
Radiometer SuitelIRS) are less with dedicated platforms foForest andConservation Nonprofitswho use
commonly used, but both are used fof | Biomass Platforms to Inform EO data to drive forward government
fire hot spot monitoring. Sustainable Financdecisions, suchag | response to deforestation. An

forestbased carbon market trading. emerging type ofuseris carbon market

These platforms may be general or actors, indudingwners of forest

specific to a given geographic region assetsor companies looking to offset

(e.g., the United States) or biomass carbon emissionshrough the

type (e.g., mangroves). purchase of foresbased carbon

credits.
Profiled in this report Profiled in this report
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Technical Assessment

SummaryReliable pass times, stable spectral responses (e.g., stable red band value), and consistent data
I O0Saa | NB RS&ANBR |- 3patdhixesdifton iy 3hizs 2aRmuBity. 2T e émimundyvhighly
values SAR for its ability to provide reliable observations through cloud coverpand is likely preferable to
C-band. Dualpol data are seen as acceptable, but qyaadl data would enable significant benefits.

Current Data Products Use@urrently, monitoring service providers use SAR, multispectral, Lidar (GEDI), and
other data.

Historically, Landsat has been a key data source particularly valued for its historical archive, and it is still use
most service providers; Sentirglis growing in use. MODIS and VIIRS are used less often today. They have be
valued for getting around cloud coverage challenges due to the revisit rate in the past, but spatial resolution i
challenge because identifying smaller disturbances is hard; both are still valued for fire hotspot monitoring.

The key SAR data source is Sertinelhich is typically sourced as an SLC and processatReoherence;
for now, it cannot provide sufficient historical data for some applications, but it is increasingly in use to deal
with cloud cover challenges and offers other benefits.

Preferred Data Attributes

Spatial ResolutionUsers in this community prefer 4@ SLC files, but they view products ranging from 10 to 30
m as generally sufficient to address most applications, including the ability to detectsoakgiclearings. Some
areas would value 5 m.

One Sentinell userexpressedson Y A& dzadz f t & F-RSAdzZ YiBS®S vadzy EF( -

Temporal ResolutionAlthough users valusubweeklyrevisit (2 to 5 days), they noted 7 to 10 days is
acceptable. Existing users of Sentihaloted SAR offers benefits in areas with persistent cloud cover today,
where Landsat may take 30 to 60 days to provide a clear view. For optical products in this community, faster
revisit would be desired (faster than every 7 to 10 days) to increase the chances of a timely acquisition.

Spectral BandG-band is valued, but-band is preferred. Users said thabland should provide less noisy data

for forest change detection compared withb@nd, but that it is too early to say Hdand offers any valuable
benefit/advantage over ®and in that use case. They said NISAR will make this cleandds not used today
because of cost, and it is not seen as offering significant benefits dogardC Lband is also valued for its ability

to enable more accurate carbon stock modeling and canopy classification (via forest structure/moisture conte
from the SAR data) to improve forest characterization. This ability is seen as desirable for improving
deforestation monitoring and supporting reforestation use cases.¢waaidr boundaries missed byl&and and
optical data now should also be better characterized wittahd, which is expected to improve mangrove and
estuary monitoring.
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Technical Assessment

Preferred Data Attributes (continued)

Polarization:Users prefer and value qugmbl data for improving the characterization of forest degradation.
Duatpol is seen as the minimum number of polarizations to address core use cases in the community. Radar
backscatter data are seen as key to distinguishing palm plantation crops in a homogenous canopy where
uniform heights and textures exist, because optical data have relatively low utility in this use case; one user
noted that having both vertical and horizontal polarizations helps differentiate plans in a tropical canopy.

One user commented on traefffs in future missiong lj dzZf R A & y A Oppldatadedsly 2 veleksA i Qa
vs.dualll2f 6S5S1fex L OK22a8 GKS I GaSNDE

LatencyThe latency users prefer is 1 day for SLC products, but 1 to 3 days may be acceptable. Consistent
latency is highly valued.

Coverage Areafhese users prefer data available globally over land. Sustainable forestry often supports
supply chain decisiemaking in tropical regions under persistent cloud cover, so SAR is particularly valued in
these regions; however, demand for monitoring outside of these areas is significant as well.

Data FormatsToday, users prefer SLC, in part because standard parameters fdeteproducts do not
always fit established processes because they vary by data providedleMéd broducts (e.g.,
atmospherically corrected products) could be valued if consistency across providers is addreseptic&AR
fusion products are seen as the future of deforestation monitoring, although the same issue related to
standardization exists.

Oneusernotedd @2 S8 gl yid G2 LINROSaa FNBY G(KS KAIKS&ad tS
adl yRINR&a SEA&GZ e&2dz R2y Qi K2g¢ 6KI G odaddsor 3Sa |
Of SIFYyAy3IT az2>x GKS {[/ FNRY aLJ} OS |3I3SyOrAsSa Aa GKS

Other:There is a strong desire for NASA to provide certainty for commercial use cases through a consistent
data capture and access process with a clear commitment to atéomgtime horizon. Users have faced
challenges in the past (e.g., a monitoring service failure) when a file name convention at NASA was changec
They noted that all downstream data processors were negatively affected and that events fikarttlis

unclear continuity years into the futuredegrade trust with end users/buyers of EO ddiased services.

Free data access is crucial in this community, because monitoring is performed over expansive land areas.
Users expressed concerns related to potential future download costs. One noted that buying eviate
multispectral data would roughly increase their service pricing to a typical client by 10 times, which would
not be affordable to their clients. They said privatctor data buys also are of concern to large clients who
are worry they might build their business decision tools on a data source that may be discontinued.

Users noted the high value of long tireeries data being maintained on online archives; they want NASA to
understand long timeseries data are valued, including for modeling and in increasing trust from their
customers.

Users expressed a desire for the simple ability to transfer thousands of files from cloud to cloud. 29
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Use Cases

Within this community, a range of use cases that may benefit from SDC data products exist. Use cases with

bold text have additional detail.

A Deforestation monitoring to inform sustainable commodities sourcing by FMCG companies
A Deforestation monitoring to audit company performance against emissions objectives

A Carbon stock modeling and monitoring to inform forebased carbon trading

A Regrowth monitoring to inform conservation program investments/payments

A Land classification, differentiating forest ecosystems from commercial crops (based on texture and
homogeneity) to inform conservation entities managing sustainability

D eforestation monitoring to inform sustainable commodities sourcing by FMCG

The challengeWhen sourcing commodities, the origins and thus practices associated with production can be hard to determine; even i
can be determined ugfront, practices may change over time. Without a method to assess and monitor the sustainability of cagnmodi

they

LINE RdzOSNJ LINF OGAOSasx Ca/ D 0dz2SNERQ RSOAaRA 2y aterd profitalility A8 WiliulSnyatedraily Y 2 R A

G2 KAG GKS TANXYaQ OFNb2y GF NASGa®
How EO data might helpEO data can help characterize and monitor the sustainability of practices used to produce certain commodities

easyand continued access to these data, buyers at FMCG companies can ensure they only purchase commodities from s ugidigrab By
reducing demand for unsustainably produced commodities, FMCG companies can reduce the financial incentive that | eadstatidefor

Key data attributes:Global coverage and persistent monitoring are critical because supply chains are global and complex. Weekly mon
10-to 30-m resolution, and daily latency are acceptable in most cases. At leaspdudhta are required, if not quapol. SAR data provide
improved reliability and forest characterization and are preferred over optical by some users, but optical data are also usef

Carbon stock modeling and monitoring to inform foteested carbon trading

The challengeReducing greenhouse gas emissions is one way to slowthe impact of climate changet@dingrmarkets have potential to
incentivize behaviors that reduce emissions. But carbon markets cannot scale or be fairly run without precise measurehda#s an
verifiable methods of accounting for carbon stocks.

How EO data might helpEO data can measure and monitor global forest carbon stocks at sufficient precision and accuracy to infarm fg
based components of global carbon market trading. In addition to other EO data (e.g., methane emissions tracking, s @sjadndtolel
practice quantification) and ne&O data (e.g., land ownership), carbon stock modeling can enable carbon markets, helpiegtioizec
behaviors to reduce greenhouse gas emissions. EO data may also have an added benefithapegearbon accounting methods fe dit
sellers. Sellers/landowners may need to collect papaesed data for 5 years today to join the carbon market; with EO-Hatedmethods
leveraging historical EO data, new sellers may be able to more quickly join the market.

Key data attributes:Because of its vegetation penetrationbland data are seen as preferred for e stimating global forest carbon stocks fro
SAR data. Trustworthy global data products and accounting methods will be needed to enable a scalable, sustainakitadiadborarket, so
public data sources are preferred.
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D eforestation Monitoring
Service Provider

User Community:
Sustainable Forestry

Who are they?

Scientists with a background in
remote sensing are building new
processing techniques and products
G2 adzil2 NI
sustainability efforts.

Deforestation Monitoring
Service Provider

Intermediaries

Who do they work for?

They work for a range of
conservationoriented clients, from
FMCG companies to commodities
producers to nongovernmental
organizations (NGOs) to

0§KSANJ

I:DjRTI Innovation Advisors

Deforestation monitoring service providers
build EGbased tools to help characterize
and monitor forests for their clients.

What decisions are they making (and how) today?

Internal decisions include when and how to incorporate new data and
workflows into their services. For FMCG sustainable sourcing clients,
services are used to vet new suppliers and continuously monitor existing
suppliers, potentially leading to a decision to discontinue a supplier
relationship. They may also support tracking of progress against zero
deforestation or carbon commitments for these clients. In the nonprofit
L£omm n}izy,{ they support research and grievance report development.

q:g?)fa% nfb e%snent, their monitoring services can target areas for on
the-ground followup. For policy and conservation finance clients, they
inform understanding of areas most affected by deforestation to triage
investment priorities and inform carbon markets.

Do they have experience with EO data?

They have extensive experience with EO data for deforestation
monitoring. They may have limited to extensive experience with SAR
data (varies by service provider).

What do they want or care about?

They want increased reliability and ease in data access methods. They
see free data and data access as crucial to the viability of their
Y2YAG2NAY3 &aSNDAOS&aszI yR GKSe
deliver consistent lowto no-cost data products.

KA

government. What are their technical needs?
Their primary technical need is increased reliability and ease of access.
@428 Ffyvyzad Syda I\\B-'t_h WRH@ falgo b%i%lere tq_ad\A'p and _cou_ld benefit frd@s peckling _
tools/despeckledlata’because speckling is a challenge that negatively

now for deforestation
monitoring, as you can get it
regardless of weather, unlike
optical. SAR is ultimately more
sensitive to change and can
give more time sensitive
RSF2NBadl A2y
T Deforestation Monitoring
Service Provider

affects consistent SAR data. They see-§#tiRal data fusion tools and
fused data products as interesting in the future as well. But before using
highllevel data products beyond SLCs, they need to see significant
improvement in the standardization of higével products across data
providers.

I £ SNI a d¢
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D eforestation Monitoring
Service Provider

428 SELISNASYOSR

costs in moving to SAR as our
primary data source. Had to do it
once changing from Landsat to

{SyiArySt X LT¥

avoid this [for NASA data] it
g2dAZ R 6S I Kdza$
T Deforestation Monitoring
Service Provider

i K

GLY Y& OdNNByld ¥
workflow, | might need to charge
a client $200k for a monitoring
service per year. If | had to buy
data, that would go up to $2M
per year. The business model
would not work. So, we really

Gl tdS F3Syoe

T Deforestation Monitoring
Service Provider

RE G

2SS YySSR YI Gdz2NB =
and communication about APIs
and changes. The EU tendered
that service to five consortia
which diluted the resources,
recognizing the risk of going with
2yS AYyRdzAGNE LI

T Deforestation Monitoring
Service Provider

. A3 OfASyilacz
look at tomorrow but also many
years ahead. A stadp that

t A

might not survive is an issue [for
them]. Governmentunded

solutions create a viable ecology
for startdzLJa G 2

T Deforestation Monitoring
Service Provider
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! « YWhat wquld mogivate Epgm to use NASA EO data?

They would be motivated to use NASA data by the benetiisnd
offers over Gband, as well as the ability to increase temporal resolution
of their monitoring service alerts

SNEQa | gl @&
What are their adoptlon barrlers forusing NASA EO data?

T alt ithet B, BErecently experienced, a transition from optical
only to including SAR data flows for deforestation monitoring (e.g., from
Landsat to Sentinel). They invested significant time and resources in
normalizing/harmonizing these data, creating new training data,
models, etc. They need support tools for incorporating NISAR, and
Néventudily IbE, data into their workflow to reduce switching costs.
Without these tools, adoption may be slow, especially if core use cases
experience only modest benefit from incorporation ef3band along

with or instead of €band. The level of benefit is not yet clear. They view
switching costs as a significant barrier to future NASA SAR data use.

What are they afraid of?

‘%ey are afraid of costs of data access increasing in the future and the
uncertainty of data continuity over long time horizons (beyond 5to 10
years).

?
What dq they NOT Gage abou;
They do not see much benefit from small improvements on spatial
resolution.

NIy S N3¢

1S /I NBAff 2N {KSffzX

adzNDA O3S dé
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Sustainable Sourcing
Manager at FMCG
Company

User Community:
Sustainable Forestry

Who are they?

Supply chain managers with a
background in sustainability are
excited about ensuring their
products are sustainable to meet
0KSANI O2yadzyYSNaE Q
ensure future raw material
availability.

Intermediaries ?

Sustainable Sourcing
Manager at FMCG Company

Who do they work for?

They work with the internal supply
chain team buyers to support
sourcing decisions and corporate
ESG/CSR leads to meet reporting
requirements.

G/ dINNBYy i @ORST2NB
monitoring] data have high
coverage, but resolution leaves a
lot to be desired; and cloud
O2@SNJ LINBaSyida
T Sustainable Sourcing Manager,
FMCG Company

e

)
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Sustainable sourcing managers work with
0dze SNRA U2 SyadzZNb UK
chains are sustainable with respect to land,
water, and climate impacts.

What decisions are they making (and how) today?

Sustainable sourcing managers work directly with buyers in their
internal supply chain team to decide where to source specific
commodities (e.g., palm oil, cocoa beans) globally. When setting up new
supply chains, they work with ethe-ground partners and other data
sources to ensure they understand the true source of commodities (e.g.,
to understand where trees originate from before arriving at mills used

to process them). Once harvest sources are identified, they work with
deforestation monitoring firms and other data sources to ensure those
locations are not associated with deforestation.

Sol?\clé‘@ugpllﬂllbh%i;t&lsza}é Lstabl¥Ha, they continually monitor them to
ensure they remain sustainable. To do this, they subscribe to paid
deforestation monitoring services to detect deforestation events
associated with their existing supply chain; alerts from these services
trigger internal investigations that may lead to changes in vendors.

Do they have experience with EO data?

They have limited to no direct experience processing EO data, but they
understand the benefits and limitations of different monitoring services
and products available to inform their decistoraking.

What do they want or care about?

They want a simple internal workflow to ensure they can monitor and
make decisions across their complex, global supply chains. They highly
value dependability in monitoring services.

What are their technical needs?

They need deforestation and wildfire monitoring tools that integrate
(easilyAno jnternal supply chain management tools. Products built from
existing 10 to 30 m are generally acceptable. They highly value reliability
and work extensively across global regions with persistent cloud cover
to source palm oil, cocoa, rice, etc., so they value data that can reliably

NG IPENCUBR GG CRYG 3 & & ¢
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Sustainable Sourcing
Manager at FMCG

Company .

42S ySSR adzail Ay
ensure we have accessto
materials we need incd0
&SI NA ®¢
T Sustainable Sourcing Manager,
FMCG Company

G2S Y2yA(l2NI RST2
also child labor in cocoa

regions, drought in Australia for
dairy sourcing, floods in the
Midwest for sugar beets, and

more. We monitor all aspects of
sustainability across our supply
OKLI Ay ¢

T Sustainable Sourcing Manager,
Food and Beverage Company
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What would motivate them to use NASA EO data?

They do not have a strong preference as to the originator of data
sourced by their supplier of deforestation monitoring (e.g., NASA, ESA,
private-sector satellite data provider). They are motivated to access
deforestation monitoring and alert services that best integrate with
théirnterdat SIAHHR shain ifaRagement tools and provide value.

What are their adoption barriers for using NASA EO data?

They are not direct decisiemakers in the sourcing of lelevel data
products; they depend on their deforestation monitoring and alert
service providers to evaluate, source, process, and derive insights from
EO data. As one sourcing manager descriied, O2 dzf R dza S |
data if my thirdLJF NIl @ & dzLJLJX A SNJ dzaSR A GT 0«

What are they afraid of?

They are afraid of both sherand longterm economic pressures and
their ultimate financial success. Their concerns relate to both access to
materjals in the su%ply chain and sustainability commitments and brand

N2 fefitd. Bedohd/atce B4 cestective and steady supply, they are

afraid of incorrectly understanding linkages between their supply chains
and sustainability goals set by the firm and brand(s) they support. If they
are not able to appropriately guide sourcing decisions to meet public
sustainability goals as laid out in their ESG/CSR strategy, it may lead to
decreased brand loyalty from consumers (decreasing sales) and other
potential negative financial effects associated with failure to meet
ESG/CSR goals.

What do they NOT care about?

They do not care about the source of the data that their service
providers use.
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User Community:
B2 Agricultural Field Analysis

Community Overview

The agricultural field analysis community includes farmers, agrochemical companies, crop consultants, crop
insurers, and other agricultural equipment and service providers. In this community, EO data inform decision:
across a wide range of temporal and spatial scales. On one end of the spectrum, commercial farmers are
focused on understanding the optimal way to manage crops on their field; on the other end, large
agrobusinesses firms are working to analyze all global fields (e.g., to estimate the yield for a specific crop).
NASA EO data afford a range of opportunities in this community, including SAR data, to complement a
growing number of commercial EO data sources. Opportunities relate to improving options for farmers, crop
modelers, and other users to increase profitability, reduce environmental impact, and improve food security.

Key User Profiles for SDC Key Use Cases for SDC Data Products

Intermediaries

Globalinseason yield projections models to inform seed
production decisiormaking

Commercial Crop Modeler at Commercial Corn SARbased vegetation indices to inform-geason nitrogen
Large Agrochemical Company Grower management tools used by growers
[ J
Moving Forward for SDC

The range of SAR expertise is significant within this community. Agrochemical companies and VASPs build
sophisticated, operational models that drive grower decision tools and internal deaisaéimg today;

growers, farm insurers, and other users have a relatively low awareness or understanding of EO data. SDC |
G2 YIFAY 2LILRNIdzyAGASaY om0 62N)] SAGK GKS O2YYdzy
interfaces that enable increased commercial use for agricultural field analysis and (2) partner to raise
awareness and message value to end users. Regarding (1), community SAR/EO experts expressed they wa
to be part of substantive, technical, pragmatic collaborations that go beyond sc@m#ed discussions

and focus on developing reliable, robust data products and workflows for commercial useRagasrships

could relate to achieving more modern data formats, includjegmetrically corrected data produgts

products aimed at agriculturspecific use casesloud-based cropping tools, and simple cletadcloud

transfers. Also, as with other communities, SDC should build forward with continuity withofRée.g., such

as Sentinel in terms of collection time and swath). Regarding (2), NASA could partner with companies that
already have relationships with growers (e.g., agrochemical companies) to combine to build trust and
adoption. f end users better understand how Edfiven applications can benefit them, it will enable greater
adoption. Adoption will require end user behavior change and investment. To drive adoption, benefits must
be significant and specific to real business decisions.
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N

Organizational Assessment

Risk tolerance and technical ability to process EO data vary significantly within this community. On one end
of the spectrum, commercial crop modelers at large agrochemical companies and professional services firm:
have teams dedicated to exploring and operationalizing EO data for viable commercial use cases. They are
willing to experiment with new data if they see a clear potential business case for its use. On the other end
of the spectrum, commercial growers are necessarily risk averse; they cannot afford to take risks that affect
their livelihood (e.g., their crop yield for the season). Without clear benefits and low risk of adoption (e.g.,
demonstrated to work in their soil type, region, crop hybrid), they will not adopt new technologies.

Commercial crop modelers are the core current and future users of satellite EO data for field analysis in this
community. They may process these data for use by growers in precision agriculture applications, enabling
growers to manage their land in a s#gecific way, or they may process the data for a range of nonprecision
agriculture use cases, including planning production for and marketing agrochemical products and
monitoring crop damage for insurance payments, for example. These commercial crop modelers have
significant expertise employing satellite and other remsénsing data to develop globatale and regional

crop models and decision tools. These users are a potential resource for NASA to help develop data product
and interfaces that enable increased commercial use of EO data. They highly value NASA data and other fre
data sources because their global models (e.g., global yield models for corn) employ large quantities of data
that would be expensive to procure from commercial suppliers. Although commercial growers may benefit
from NASA EO data, they are not likely to access eveddughdata products directly from NASA. Growers

rely on existing relationships and trusted information sources to learn about and consider adoption of new
technologies. The best way to increase their use of EO data is to make these data more easily available and
useful for their existing trusted information sources and technology providers. These organizations include
both the private sector (e.g., agrichemical companies, agricultural equipment companies, crop consultants)
and the public sector (e.g., agricultural extension programs, USDA).

Data are sourced/combined from Commercial Crop Modelers at Large Commercial growers, likeommercial
various global provider©ptical data | | Agrichemical FirmandSmaller, E© Corn Growershave limited to no direct
az2dz2NDODSa TFTNRBY 32 JSINIFucSs¢diService Pravitlesaduateé Q experience with collecting or processinig

T

Sentinett = b ! { ! k! { B QR| gnd as&niilatéilarge EO and-tre- EO data; they may work witExtension
YR O2YYSNDALFf o YPHoand datalingd Pracical, reliabled S | Programs, Agronomistsor private-
providers are used. FOBAR data, both tools to inform internal (e.g., sectorDecisionTool Providersvho may
low (e.g., Sentinell, ALOS) and high agrochemical marketing or production | helpthem access these insigh®ther
(e.g., TerraSAR) resolutiodata are teams) or client decisiemaking. users includélisk Managers at Crop
useddepending onthe use case. These modelers are sophisticated EQ | Insurance Providersvho work to

data users, typically having previousl balance customer satisfaction and risk
completed a PhD related to using EOQ| | when deciding which claims to

data for informing agricultural investigate before payment; EO data
decisionmaking. could help them verify and deploy teanjs
more quickly.
Profiled in this report Profiled in this report
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Technical Assessment

Summaryin the agricultural field analysis community, SAR is of interest because it is reliable (owing to cloud
penetration) and able to provide insight into field characteristics (through SAR backscatter) not well observec
with optical imaging. At ~1t spatial resolution and a weekly repeat rate, SAR missions with globally
available data can be of significant value, while many research and developmentf@84&)d use cases

exist at even finer spatial resolutions, including submeter. Many field management decisions (e.g., fertilizer
application) are limited by resolution of the tractmounted applicator, which commonly ranges from 1®

20-m resolution in commercial farming. Key areas of interest for SAR are connected to its ability to
differentiate crop types and phenology to inform a range of decigidran global yield projections to

precision field managementand soil characterization to detect flooding or ponding in flat areas, as well as
other attributes.

Current Data Products Usedlo understand vegetation growth, MODIS vegetation index products

Normalized Difference Vegetation Index (NDVI) and Enhanced Vegetation IndexdE\Wi¥ed, as are

YENRAI R 20KSNJ &AYAf NI LIN2RdAz2OGA& o0dzAftd FNRY 23KSN) 2
b! {! k! {D{Q&® [NYVYRROPRYYSNDALI{ oS o3 oFcaltifsibnyiéyéiaiidn inBef @S 0
products, as well as SARIy vegetation index products, exist and are of interest, but they are not yet
commonly used. Sentindl, ALO, SAOCOM.erraSARandRadarsatre used in various use cases,

including inseason yield projections, which value S#sRed phenology determinations and soil moisture
assessment. Global DEM products, as well as more local (e.g., from state government) Lidar, are used to
inform map creation.

Preferred Data Attributes

Spatial ResolutionTo inform many key use cases in the agriculture field analysis community, including yield
estimation, crop classification, and crop damage assessmen, difatial resolution SAR data are

acceptable. For field management decisions, 3to 7 m may be ideal, offering benefits beyardhii)

which can lead to more coarse data products after processing. For global yield and other modeisgata0
benefits are less valuable.

At present, there is a practical limit on-hresolution (after data processing/speckle removal) after which

the benefit of higher resolution wanes for many field management applications of EO data. This limit is
imposed by input application equipment (e.g., a trastaunted fertilizer spreader) owned by farmers; this
equipment typically has resolution of 10 to 20 m. Because of the resolution limits of this equipment, there is
limited benefit to data products with higher spatial resolution for most farmers, although this limit may
change in the future.

Key exceptions that demand higher resolution include R&D use cases (e.g., plant counting, disease detectio
and all use cases that involve smallholder farms. For these use cases, significant benefits would be derived
from <10 m (down to ~1 m or even <1 m) data.
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Technical Assessment

Preferred Data Attributes (continued)

Temporal ResolutionThe desired temporal resolution varies significantly across use cases within this user
community.

For global yield monitoring of row crops, tillage practice monitoring, and structuring crop insurance policies,
users view weekly repeat as acceptable. Existing crop yield models by agrochemical companies mnclude 10
day to 18day revisit data. Users said that improving beyond weekly revisit rates offers minimal benefits to
yield models in global, nonfield management decisimking.

For many precision agriculture or field management decisions, a higher revisit rate offers significant value.
For crop damage assessment and variable rate fertilizer application, a daily revisit rate is ideal, with data still
useful at up to a ®lay revisit rate. Notably, high temporal resolution S#d8ed crop damage assessment

and flood detection posstorm can offer significant value in informing storm response by the farmer, insurer,
and other actors because SAR sees through clouds associated with damaging storm events that obscure
optical imaging. This value may be reduced, though, if the revisit rate is slower than the length of time cloud
cover persists posttorm.

For irrigation field management decistamaking, 1 to 2-day or intraday revisit is ideal; data are seen as
potentially useful at slower repeat rates because different data sources, including other reemsang data
and onthe-ground data, may be combined to inform decisioaking. However, data are of little or no value
for field management after 6 days.

Spectral BandAgricultural use cases benefit from a variety of SAR and other spectral bands. The field
analysis community has a strong desire for multiband SAR data. Of the SAR ‘tamdkisLparticularly

useful, compared with -Xand Gband, for crop classification (because it can better distinguish between crop
classes) and for soil analysis (including soil moisture analysis) because of its ability to penetrate denser crop
canopies. Leading agrochemical firms noted that if they had to choose one spectral band, they would likely
choose tband for crop classification and soil moisture ovead Gband. They would choosebéand for

detecting infield ponding and crop lodging. But users stressed significant benefit would be derived from
multiband SAR availability. Multiple current SAR data users expressed interdstrnid B provide deeper

insight into plant and soil properties; one noteéb&énd does not appear to be of interest to commercial SAR
vendors.

Polarization:Analysis of SAR backscatter is critical in agricultural use cases. Backscatter can act as a proxy ft
leaf area index to produce vegetation index products, inform yield projections, and inform a variety of other
existing commercial use cases. SAR vegetation index products may also provide insight whetleaggiical

NDVI data are hard to interpret (such as for apples, grapes, pears, kiwis, and prunes). Backscatter may also
key to potential use cases that are not yet commercialized in the community, including soil salinity analysis
based on the spatially variable dielectric constant of soil. All agrochemical and field analysis companies
interviewed expressed a strong desire for qymdl SAR data, but they also noted dyal would still be

useful.
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User Community:
B2 Agricultural Field Analysis

Technicahssessment

Preferred Data Attributes (continued)

LatencyLlike temporal resolution, importance of latency varies considerably between use cases. For
irrigation decisiormaking; response to extreme weather events, including by farmers, insurance companies,
and their partners; and other fielcthanagement use cases, low latency is criticalag or intraday data are
desired. One crop advisor explained that with current NDVI products, waiting 2 to 3 days to crunch numbers,
GOoNBI1aé¢ a2YS LRGOGSYOGAlt FASER YIylF3aSYSyd d&aS OF a
For many use cases such as yield projections, crop classification, tillage practice identification, and soil
analysis that inform crop planning, as opposed tséason field management, latency is less critical; for

these, 1 to 3 days or more is acceptable, although daily is preferred and faster is valued.

Coverage Areafhese users value global coverage over land. Many model developers work globally, and
global data availability allows better scalability of ®¥8Red methods across geographies. Along with the
United States, northern Brazil, Southeast Asia, and the Niger Delta region are all major agricultural
production areas under persistent cloud cover; in these regions, SAR products will be particularly valuable
because they can penetrate clouds.

One agrochemical company notedCalifornia has plenty of clotfdee days. But not Washington, Oregon, or
Brazil. In some areas, Senti2aiight give us one good picture in a year."

Data Formatsln general, agrochemical companies and other model developers are interested in working
from SLC files to build their own crop models. Agronomists, who advise farmers on dew@ging, are
unlikely to build their own models. To derive insights from SAR data, they may benefit fretevabtiata
products (e.g., SAR vegetation index products -&aiRal fusion vegetation index products) to inform their
advice to farmers. They may be interested in accessing these from federal government agencies or
commercial partners such as agrochemical, farm machinery, and decision support firms.

Other:Regarding data access and preprocessing, multiple agrochemical firms noted that significant internal
time and resources are spent downloading unneeded data (e.g-. x10@0km scenes when only 10 x10 km

are of interest) and correcting Sentinklfor elevation. They would be interested in NASA providing (1) €loud
based cropping tools, (2) geometrically corrected data products, and (3) simplet@iodid transfers (e.g.,

for thousands of files). These tools and improved data products would simplify their workflows.

They explained that they would highlight value cleargggtioTemporaAsset Catalog (STA@mpliant SAR
analogs to those optical products available in a cloud environment. They also noted that SAR data are not
easily combined with established optical imaging archives and that this technical challenge could be a barrie
to SAR adoption.

Regarding continuity with th®oR companies expressed that it is a high priority for future NASA SAR
missions to be like Sentinel in terms of collection time and swath. They also noted significant value in having
multiple SAR bands on the same track to better enable combining bands in their use cases.
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User Community:

= Agricultural Field Analysis
Use Case

Within this community, use cases for SDC data products exist. Use casksldidxt have additional detail.
A Global inseason crop yield projection models to inform seed production decisinaking

A Global inseason crop yield projection models to support government or NGO food security activities
A Global crop classification to inform targeted marketing of crop protection products

A Global crop classification to inform replant decisions for specific crops (e.g., apples)

A SARbased vegetation indices to inform #season nitrogen management tools used by growers

A Crop damage assessment to inform efficient and fast assessment of crop insurance claims

A Crop damage assessment to inform fast farmer intervention/response

A Tillage practice identification to inform conservation monitoring or actions (e.g., subsidy payments)
A Tillage practice identification to inform targeted marketing of specific crop inputs or equipment

A Soil characterization to understand soil moisture to inform grower irrigation decisiaking

A Soil characterization to understand soil salinity to inform grower field planning

A Orchard floor analysis, through canopy, to understand how much crop has fallen from trees

Global irseason crop yield projection models to inform seed production d ecisi&img

The challengeSeed producers grow crops to be harvested and sold as seed to growers. A variety of conditions (e.g., drier than netd&l
Midwest, floods in Brazil) can affect seed yield. Seed producers need to accurately understsedadn, ifthey are on track produce enough
seeds to sell to their customers, and, if not, they may increase seed supply to manage supply and seed prices for growers.

How EO data might helpEO data (e.g., SAR, weathegombined with grouneruth datat can be used to modeliseason yield projections
globally for crops. SAR data are particularly useful in this modeling for their ability to provide insight into where andidroaf a specific crop
is being grown, crop phenology, Leaf Area Index, and other indicators of future yield. Along with serving as the balsa foodéls, SAR can
help adjust and improve existing models (i.e., one agrochemical company uses Skdttelto detect ponding, combining thisaysis with
USGS corn and soy predictive yield maps, which do not account for ponding's negative effect onyield, to improve theld pr&§egtion).

Key data attributes:Global coverage is criticaland multiple bands, including LG, and Xbandr are preferred and offer different insights
across the growing season (e.g., finer bands are important for marking the start of the growing season when crops mag afgwhieave s)
and across different parameters (e.gh&nd is preferred for crop classificaionpXnd to detect ponding); but functional ndels and benefits
can be obtained without allbands. Weekly revisit is preferred, although up to 12 to 18 days may be acceptakdayNeincys preferred.

nth

The challengeMultispectral vegetation indices (e.g., NDVI) enable grower decision support tool developers to provide operational
recommendations to growers across a range of use cases, includsegson nitrogen fertilizer management. In this use caseisite support
tools help growers make decisions based on bothleground data (e.g., crop variety, soil conditions) and EO data (e.g tategd ndices,
weather forecast) to inform when, where, and how much nitrogen to apply. Spatially varying nitrogen application accartbpdiealth and
other factors can help farmers maximize yields and profits while protecting the environment. Cloud cover presents sighéfliearges in
satellitebased decision tools. And for some crops (e.g., grapes, apples, pears, kiwis, prunes), multispectral i ndicesrgieghalhterpret.

How EO data might helpSAR data have been shown to correlate to Leaf Area Index and other parameters useful for decision support to
RSOSt 2LISNE® {! wQad AYyO2NLENI GAZ2Y Ayi{i2 SEA&GAY3D (2 2faaiddlkiythdeYeniN
of cloud cover; improved reliability/assurance of temporal resolution may help drive adoption ofthese tools. Use of SAR egyand
adoption of satellitebased vegetation indices to new regions (e.g., cloudy) and crops for which multispectral indices erértamret (e.g.,
apples).

Key data attributes: Temporal resolution and latency are important because growers need recent data to inform fertilizer application deg
The acceptable revisit rate varies by crop and management practices; weekly data product updates are the longest val oaah, tardhily
updateswould be valued. Spatial resolution offertilizer applicators are often 10 to 20m, and similar data resolutiohexauled; finer

SAPRbased vegetation indices to informséerason nitrogen management tools used by growers

Sl
D
w

isions.

resolution would add value downto 3to 7m.
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Commercial Crop
Modeler at Large
Agrochemical Firm

User Community:
Agricultural Field Analysis

Who are they?

These are scientists who bring a
combination of agronomic and
geospatial experiences and
education to their role; they are
pragmatic in evaluating new data
products and workflows.

Commercial Crop Modeler

Who do they work for?

Within the internal data science
team, they split time supporting
different internal projects (e.g., seed
production team to inform seed
pricing, grower decision support tool
team to develop crop nitrogen
prescription).

G! OKAS@AYy3a Y2NB
formats and easier access to
ready-to-use products is key for
ag-specific use cases. And that
requires partnership with
AYRdza GNE I YR
T Commercial Crop Modeler,
Large Agrochemical Company

I:DjRTI Innovation Advisors

Commercial crop modelers evaluate and
assimilate large EO and-thve-ground data
sets into practical, reliable tools to inform
Internal or client decisiemaking.

What decisions are they making (and how) today?

Commercial crop modelers enable internal decisions within their data
science team and evaluate new data sources, including SAR data
sources. These data sources are for using in models and setting up
procedures to download and process data, including geometrically and
radiometrically correcting SAR SLC files. Commercially relevant,
operational decisions supported for internal clients by their models
include the following:

A In-season yield estimates for different crops
A Crop nutrient (e.g., nitrogen) prescription tools

A Understanding of agricultural practices (e.qg., crop type, tillage
practice) to inform the targeted marketing of agricultural input
products and other services

A Monitoring for crop damage (kinetic damage and damage due to
ponding) to inform grower response and insurance payouts

A Verification of carbon credits in near real time and more

They may also be involved with commercially relevant R&D projects that
are not yet operational.

Do they have experience with EO data?

They have a wealth of experience with EO data, typically having
previously completed a PhD related to using EO data for informing
agricultural decisiommaking.

What do they want or care about?

They care about connecting EO data to decisions of real business value
While curious as scientists, they face pressure to weed out academically
prirrtenl 7O data yses from those that hold promise for bringing real
commercial value to their firm. Not only do they consider if EO data can
provide insight to a commercially relevant parameter, but also (1) if they
can produce a scalable, operational workflow to get that data into the
hands of decisiomakers in a time frame that retains value, (2) how the

b {0' %ata can be transformed into an actionable insight for the end user (e.g.,

rop prescription instead of a vegetation index value), and (3) if the
value of the insightis significant enough for the end user to adopt it.
Adoption will require end user behavior change and investment, either
through direct payment or even through investment of time if the data

product is free/bundled with other services.
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Commercial Crop
Modeler at Large
Agrochemical Firm
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farmers. We have already seen this
with optical imagery. For 99% of our
use cases, daily passes are not worth
iKS O2alode
T Commercial Crop Modeler,
Large Agrochemical Compan
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intrinsic value of the crop (e.qg.,
grapes for wine, corn for silage). EO
data and associated workflows may
be valuable for highecost wine
grapes or almonds, but it might not
g2N)y a4 Fff
T Commercial Crop Modeler,
Large Agrochemical Company

G¢KS 62NI RQa
monitors the global grape harvest in
52 locations via Sentindl. Is there a
bud burst at vineyards in South
Africa due to soil moisture? If so,
they need to know. We need free
data for this kind of extensive
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T Commercial Crop Modeler,
Large Agrochemical Company,
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was doing for them, few will know.
NASA would be well served to
partner with ag companies to help
message value with companies
already at the farm gate. This can
obfuscate the mystery around NASAe
and reach impact more quickly
through scale> ¢

T Commercial Crop Modeler,
Large Agrochemical Company
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What are their technical needs?

"TN@ negcﬁoal&l%c;‘c&s{ datd gnd¥datd’ gﬁ:ée‘és with attributes specific

to the use case of interest. For all data products, they want easier acce
than the current environment via an API, preferably one enabling acce
to STA&ompliant, geometrically corrected products that can be
manipulated with cropping tools before export. In current workflows,
they spend considerable time and internal resources downloading date
they do not want (e.g., 10k 10Gkm scenes when a 18 10km farm

Is of interest) and geometrically correcting ithouse. One current user
enqtedl fhey waukdd f; k&S A0 A Fhe gebrietric coe@iehA R S

Continuous groundruth data for soil analysis use cases are needed;
efforts to collect or compile such data could improve adoption of sail
analysis use cases. In support of insurance actors, modelers noted the
Ad y20 | OdzZNNByG Y2RStf 2NJ §KNBa
Syié ONRLAT. 6KSNBE Aa || RS&ANSB
AY UKS aARgSauodé

What would motivate them to use NASA EO data?

They may be motivated to use NASA data in combination with other
data sources to improve temporal resolution of their decision tools and

bepefiyfipny ioe VAR dapeiiputes.

What are their adoption barriers for using NASA EO data?

Currently, they work to support operational, commercial use cases.
Doing so requires scalable processes and reliable data access.
Challenges in data access and unreliable/unclear future data availabili
could slow or prevent the use of NASA data.

What are they afraid of?

They experience a reality wherein farm management decisions with
potential to be informed by EO data today, which require real financial
value to drive adoption, are still largely unrealized. They worry this

T Isthlds GUIdnill ndtkchadige; ever With free data the costs associated w

processing from lovlevel products will never enable a scalable service
pricing for agricultural sector stakeholders.

What do they NOT care about?

They do not want to think about all the possible use cases; they want t
quickly narrow down on those with real commercial value.
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Commercial Corn
Grower

User Community:
Agricultural Field Analysis

Who are they?

Their family farm has grown
significantly in recent decades and

now spans over two thousand acres.

They draw on years of eiarm
experience, family knowledge, and
formal education to run their farm.

Intermediaries

Commercial
Corn Grower

Who do they work for?

They are selemployed, working to
maximize profits for their fields.
They work with crop buyers (who
may buy rights to their harvest
before planting), crop insurers, crop
consultants, and seed/equipment
distributors to plan farm operations.

I:DjRTI Innovation Advisors

Commercial corn growers are focused on
hitting crop yield targets for their field this
growing season.

What decisions are they making (and how) today?

Commercial growers make over 40 key agronomic decisions every year.
Preseason, they focus on planning and preparing their field; they
evaluate field conditions (e.g., soil compaction, salinity, and nutrient
content) and longterm weather predictions and consider incentive
schemes from different seed suppliers to determine which plant hybrid
is best for this year. They choose between new hybrids that balance
price with various features (e.g., drought resistance) that reduce vyield
risk and more. When it comes time to plant, they apply fertilizer to their
field. They may apply it at variable rates across their field, informed by a
ONR L) O2yadAz GFyiQa @FNAFo6tS NIGS
on 5 years of historical yield data and crop models built on satellite and
other data to recommend spatially varied rates of application. In
season, they may receive crop monitoring services from the same
consultant that alerts them of potential threats to the target yield. For
example, if monitoring shows an area of crop that does not emerge at
the same time as the rest of the field, they may decide to buy a faster
maturing crop variety to replant tseason, improving the chances of
meeting their yield target. They monitor moisture, yield, and crop
characteristics to inform harvest date and storage until pickup by their
buyer.

Do they have experience with EO data?

They have limited to no direct experience with collecting or processing
EO data. They know their crop consultant is using satellites now for
some of the recommendations they make, such as in their variable rate
subscription service.

What do they want or care about?

They want to ensure they manage threats to their yield target efficiently
to maximize profit, but their plot is too expansive to lay eyes on
regularly. So, they want operational awareness tools to help them
manage their field(s).
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Commercial Corn
Grower
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got all the data | need in one
place, so no need to juggle 10
different spreadsheets. My
neighbor uses their tseason
nitrogen recommendation tool
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T Representative of
Commercial Corn Grower
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e What are their technical needs?

They need crop consultants or other existing suppliers to incorporate
new EO data, crop models, -time-ground data, and tools into easy-

T s operational farm management tools. They do not have much time
NJtoevalyagemepv tachinghogies and incorporate them into -taxglay

decisionmaking. Depending on the decision being informed, the
underlying data attributes vary significantly, which their suppliers
understand. Decisions range from those requiring intraday to weekly
data product updates and 10 to 20 m to submeter spatial resolution.

- ?
V‘Q‘S‘}MQ“"X"& ogtzl\aate ,}hgemﬁoé‘se NASA EO data”
To convince growers to use NASA data, they need to see a clear return

on investment to justify taking the time to adopt tools and practices
based on NASA data.

What are their adoption barriers for using NASA EO data?

Pilot projects and endorsements of services by existing, trusted network
connections in their community can help drive adoption; however, they
have a very low risk tolerance. Before changing their practices, they will
want clear, convincing evidence of profitability associated with behavior
change. They will want that evidence to be generated from growing
conditions like theirs, including soil type, crop variety, weather, and
irrigation type. Developing this evidence can be hard and time intensive
because data can typically only be gathered and iterated on once per
growing season. Even if evidence is developed feb&s2d services,
growers of silage corn, compared with higalue crops, like wine

grapes, have less ability to pay for services because of the lower profit
margins.

What are they afraid of?

They are afraid of missing their target yield prediction this growing
season. They would rather stick to current, proven practices than adopt
new methods that offer minimal benefit and unknown risks.
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SDC User Community Profiles

m 0O&G Infrastructure Management
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User Community:
m Oil & Gas Infrastructure Management

Community Overview

The O&G infrastructure management community includes O&G companies engaged in the extraction and
transportation of O&G and service providers to whom they may outsource some modeling, analytics, and
inspection tasks. This community builds and maintains infrastructure to extract and distribute O&G; key
infrastructure includes lanased oils wells, offshore platforms, and pipelines (including gathering,
transportation, and distribution pipelines). Companies in this community have a growing interestin
leveraging EO data to monitor risks to their infrastructure (e.g., natural hazards, construction near a pipeline)
to reduce the costs of etihe-ground monitoring and reduce the potential for and extent of adverse events.

For these companies today, EB@sed monitoring may be used for monitoring infrastructure in areas of high
geotechnical risk, but it is not broadly adopted for continuous monitoring across the length of most assets.

Key User Profiles for SDC ® Key Use Cases for SDC Data Products

Intermediaries

INSAR monitoring of transportation pipelinesto reduce
geohazard risks

Technical Lead at SARocused  Product Manger at Pipeline Ice hazard analysis to inform response to ice floe risk to offsh
Service Provider Inspection Service Provider ¢ Platforms
Moving Forward for SDC

Although SAR data are already used in this community for monitoring assets indkigineas of limited

spatial extent (e.g., sections of pipelines near fault lines), there is an opportunity (with NISAR and later SDC
data) to expand the use of SAR data to more extensively cover O&G assets (e.g., across the full length of a
transportation pipeline). In general, NASA4dnd SAR data are seen as key to enabling expanded pipeline
monitoring, because EO experts noted it solves key technical limitations (i.e., lack-bbalugleometries

over North America, lack of high temporal resolutiohdnd) of thePoR Experts noted NASA data will still

likely need to be complemented by higésolution, purchased data for monitoring of higek areas though.

NASA has an opportunity to join an existing innovation ecosystem that includes other government agencies
engaged in O&G infrastructure management technology development. These agencies include the

5SLI NIYSYyd 2F 9ySNH@& 05h90 YR 5SLINIYSYyd 2F ¢N
al GSNALFT A& {FF¥FSde ' RYAYyA&audNGA2yQa o6tl a{! Qav I yyd:
geotechnical threats, especially at river crossings, as one of the highest areas of concern ripe for pipeline
management technologp 8 SR A YLINRGSYSyiad ¢KS 5h9> FyR 5h¢Q:
collaboration partners for NASA because they have existing knowledge of O&G infrastructure management
needs and connections with private industry. Without working through these or other existing connections to
industry, engagement with NASA data products may be slower and fully reliant on pBeetta service

providers.
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User Community:
Oil & Gas Infrastructure Management

m}

Organizational Assessment

0&G companies are generally well capitalized and early adopters of new technologies that can improve their
operations and profitability, although fluctuations in energy prices can lead to significant reduction in
investment in new technologies. Some of these companies have significant geotechnical engineering
experience iFhouse, and in some cases, they have rersd@sing experts within their GIS teams. Generally,
however, remotesensing expertise is not common; thus, they look to partner with thady service

providers for Ecbased image acquisitions and other B@sed services. In the near term, although these
organizations are the primary end users of EO data analysis, they are more likely to partner with external
firms to develop infrastructure management monitoring solutions with EO data.

Leading E@ased service providers have extensive (sometimes decades) experience processing radar and
optical data for monitoring offshore platform risks,-held wells and gathering pipelines, and transport

pipelines (typically with a spatially limited focus in higgk areas, such as near fault lines or areas where
landslide risk is high). These samelia®ed service providers may also support projects for the O&G sector
beyond just infrastructure management, including resource extraction use cases (e.g., using InSAR to inform
enhanced oil recovery operations). They also support clients in other sectors, such as mining, where
geotechnical analysis and activity monitoring via SAR are valued. These firms are the most likely to directly
access and process NASA data products in this community. They are likely to evaluate and adopt new NAS/
data products without significant technical assistance. In addition tbdS@d service providers, O&G firms
partner with thirdparty service providers for ethe-ground pipeline inspection and monitoring services.
Historically, these organizations use limited to no EO data for pipeline services, although use of both satellite
and other EO data is becoming more common; they primarily rely on other inspection and monitoring
methods. These companies are curious to learn more about how EO data may complement their existing
service offerings. They have limited expertise incorporating EO data into their work.

Onthe-ground data and inspections
are combined witfEO data (e.g., SAR)

optical) to inform a range of decisions}

Free, global coverage data fraspace
agenciesare valued to potentially
monitor assets across significant
distances affordably; but high
resolution data fromcommercial
constellations are leveraged in many
cases.

EGbased service providers are
sophisticated EO data users who are
needed to operationalize EO data for
asset owners and ethe-ground
inspection service providersechnical
Leads at SAfRocused Service
Providersdrive delivery of change
detection and INnSAR monitoring
services that reduce risk of damage to
infrastructure and the environment.
OpticalFocused Service Providers
exist as well, offering similar change
detection services and detection of
active leaks to pipeline owners.

The primary users al®&G Asset

Owners including companies that extrad

resources (owning gathering pipelines

and extraction wells/platforms), transpon

resources, or distribute them to

consumers. EO data fromintermediarie$
may be accessed directly by O&G asse

owners or through existing service
providers. For exampl&roduct

Managers at Pipeline Inspection Service
Providersmay partner to access EO data

to triage onthe-ground serviceESG
oriented InvestorsandGovernment
Regulatorsmay also use EO data to
understand or regulate environmental
impacts.

Profiled in this report

Profiled in this report
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User Community:
Iﬂ. Oil & Gas Infrastructure Management

Technical Assessment

SummaryReliable, simple access to Level 0 and SLC data products is top priority for existing service
providers that use SAR data to support O&G companies. These users elpadtdata products with dual
look geometry, weekly repeat, and-b@ resolution to improve and likely expand the use of pipeline
monitoring use cases in this community. Across use casesesmiution (e.g., 10 m) government data will
likely be used in combination with higher temporal and spatial resolutiband data to achieve monitoring
needs.

Current Data Products Usedatellite EGbased service providers use a range of SAR data sourbasdX
(e.g.,TerraSAR, COSM&kyMed IECEYE, KOMP&SATanDEMX), Cband (e.g., Sentinel, RADARSAT),
and Lband (e.g., ALOG3. In addition to SAR data sources, commercial RF mappingHavekEye360) and
optical data sources are used.

NonsatellitetEO data used include Lidar or optical flown systems, which may be flown monthly, quarterly, or
every 1 to 3 years, to assess changes to the pipelineafgliay and determine where further inspection or

work may be needed. Besides regular monitoring with these systems, they may be flown in response to
specific events (e.g., after floods or record rainfalls, after other analysis identifies strain/movement on the
pipe, after a potential righof-way issue).

hiKSNJ RFGF &d2d2NDS&asx 6S@2yR 9h RIFEGFXT AyOf dzRS FNBS
manned inspections, acoustic leak detection tools, data from internal measurement units to map pipelines,
and pressure and fibasptic sensors.

Preferred Data Attributes

Spatial ResolutionPreference is for-3o 10-m products. For deformation monitoring of smaller areas (e.g.,
on-field wells and gathering pipelines and change detection), the-tggblution end of this range is

preferred. For monitoring long, linear structures, such as O&G pipelines, there is-affrdddéwveen

resolution and scene size, which affects the cost of services to the O&G firm. Service providers must weigh
thistrade2 FF A GK GKSANI Of ASy (i Qa Iofis idéntifiedybyRexistihg datdugesy S &
as one of the leading reasons why SAR data have not been used more to cover pipelinesnThe 10
resolution, complemented by higiesolution data at key areas of interest (e.g., river crossings, where
pipelines transition to below or above ground, urban areas), is seen as potentially enabling increased
pipeline coverage in the future.

As one privatesector service provider explained, the traafé is that if they want the pixel resolution that
provides enough data points of interestin and around the pipeline, they tend to go towénds 8 data.

But that restricts scene size to ~4040km, so they may need dozens of stacks of images to monitor a

LA LISt AYS GKIGQa KdzyRNBRA 2F YAfSa f2y3d ¢KSe y2i
processing costs become unmanageable, and their clients are not willing to pay for the service. They noted
that free data sets can enable more affordable analysis, but they provide less detail on the ground.
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Iﬂ. Oil & Gas Infrastructure Management

Technical Assessment

Preferred Data Attributes (continued)

Temporal ResolutionUsers prefer weekly repeat for ~40 products to enable monitoring of geotechnical
threats (e.g., subsidence). They may desire hourly-to 2-day repeat for high spatial resolution products

(from 3 m to submeter) depending on the use case; for example;phirny encroachments to a pipeline
right-of-way require low precision and resolution but a higher frequency of acquisition. As with the spatial
resolution tradeoff, use of higher temporal resolution products can increase processing costs, although it is
worth the added cost in some cases. Currently, offshore platform monitoring also demands a near daily
revisit rate.

Spectral BandUsers desire-band to improve data for vegetated areas, complementingr@ XbandInSAR
observations. Today, the lack of higher spatial and temporal resolutbamd data, as well as the lack of dual
-look geometries for Sentin€l, is seen as a significant barrier to increased adoption of pipeline monitoring

in this community in North America. In addition to vegetation penetration, users viemd. as potentially
SylLotAy3a Iy SELIyaAzy 2F LALIStAYS Y2yAiraWnehth 62 N
summer period when snow cover does not negatively affect the ability to providée&#ed pipeline

monitoring; users view NISAR data as an opportunity to better understand the utildyesfd data in this

area.

Polarization:Users in this community said singel data are usually acceptable, but dymdl data would be

nice to have across use cases. One existing user expressed doubt that polarimetry could reliably detect
hydrocarbon spills over land, although they noted it could, of course, detect these over watepmald

pol may be required for relatively rare use cases related to ice hazards analysis, where ice can pose risks to
offshore oil platforms. In these use cases, users value SAR polarimetry to help characterize ice to determine
it can be broken up by icebreakers or if the platform must be moved, at a cost of hundreds of millions of
dollars. Dualor quadpol data are also desired for soil moisttsased analyses of pipeline risks.

As one current data user explained, hydrocarbons like gas and oil do not have a unique dielectric constant
that will easily enable detection of spills over land. They noted that methiasexving satellites may be

better at leak detection (though not prevention) from gas pipelines and that optical leak detection of oil leaks
may be ideal; thouginSARand SAR polarimetry may be able to provide insight into these leaks depending on
the cause and effect of the leak observable in the surrounding environment.

LatencyDaily latency is acceptable. If possible, SLC data are desired hours after collection, with accurate
orbit vectors.

Coverage AreaGlobal coverage is preferred. Users see dloak, highresolution Lband data coverage as
particularly valuable for expanding demand for services over the European Union (EU) and North America,
but monitoring efforts are substantially global.
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User Community:
m Oil & Gas Infrastructure Management

Technical Assessment

Preferred Data Attributes (continued)

Data FormatsFor SAR data, users prefer Level 0 and SLC products. Current data users noted that easier anc
free (or cheaper) access to ldevel SAR data products would improve the ability to deliver commercial
monitoring services, including for new data acquisitions and archived data (e.g., the RADARSAT 1 and 2
archive).

Other:These users desire dual geometries; they see the lack of these dual geometries in North America frorr
Sentinell as a barrier to increased adoption of pipeline monitoring.

It would be a benefit if Sentindl and NISAR/SDC shared the same orbit to provide the same acquisition
geometry.

For liquid and gas pipelines, geotechnical threats (e.g., subsidence) are seen as requiring minimum decimets
if not centimeterlevel precision.
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User Community:
Oil & Gas Infrastructure Management

Use Cases

Within this community, use cases for SDC data products exist. Use caskelditxt have additional detail.
A InSAR monitoring of transportation pipelines to reduce geohazard risks

A SARbased activity monitoring to detect rigiaf-way encroachment and vector ghe-ground response

A Ice hazard analysis to inform response to ice floe risk to offshore platforms

A Platform subsidence monitoring for offshore O&G platforms

A Surface uplift monitoring to inform underground gas storage safety

InSAR monitoring of transportation pipelines to reduce geohazard risks

The challengeO&G pipelines are expansive, with transportation pipelines spanning 2.6 million miles in the United StateSlaloitaring
across the length of these assets can be challenging, and improved solutions are particularly desired in re mote areastotienemitoring
hardware can be significant and often requires solar power and satellite modems, and be at risk for theft or va ndalismti Budus
monitoringis needed to extend asset life, conserve budgets, and avoid potential e nvironmental risks.

risks to pipeline health before they cause damage, INSAR monitoring can e nable-ground teams to respond to and mitigateks.How EO
data might help:InSAR monitoring can provide O&G pipeline owners with e xpansive, reliable monitoring of ge ohazard risks acrossthe |
their pipelines. By pinpointing

Key data attributes:DuaHook geometries and the availability ebland are ideal for e nabling monitoring of the pipeline across its length,
includingin areas on slopes and under cover of ve getatioim 1&eekly repeat data will likely be valued in this use case.iBytortantly, these
resolutions may not be sufficient in higtsk areas (e.g., near fault lines, where pipelines transition to below or above dyradyan areas);
existing data users expect to balance data costs and resolution to create solutions with various data sources that neeektb&their clients.
These solutions willlikely include higher temporal and spatial resolution data forisigareas. If data buys and processingts made it
feasible, users prefer-1o0 2-day repeat rate and-3o 5-m data across pipeline assets.

ength o

Ice hazard analysis to inform response to ice floe risk to offshore platforms

The challengeOffshore platforms are constructed at significant costs, typically exceeding hundreds of millions of dollars; the castgitheg
platforms after construction can be similarly expensive. Large ice floes can pose a potential risk to these platforntectitb @ k@ lue of their
investment, platform owners may need to assess ice floes to determine if an ice floe can be broken up by hired icebrdakelattorm must
be moved.

How EO data might helpSAR data can be used to complement existing ice maps, potentially improving ice thickness assessment to inf
whethertheice can be broken up byicebreakers. Better understanding ofthe risk posed by a given floe can increaseeiordieleision
making and potentially reduce costs of maintaining offshore assets.

Key data attributes:This use case is less common than others in this section, and key data attributes are not clear. One user described
band and Xand will likely complement-8and data in monitoring ice and be useful in helping assess ice thickiesslmay t be as good
atdetectingyoungice, butit may give less noise from the water surface when mapping older ice floes. Users gatl lglbad was
potentially less useful than quaabl Gband at discriminating ice type, but gml L-band could potentially offer the most befieforimproved
signatto-noise ratio (S/N).

Z
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Technical Lead at SAR
Focused Service Provide

User Community:
0O&G Infrastructure Management

Who are they?

SAR experts with years of experience
developing and exploiting INSAR
techniques to provide geotechnical
support to clients in the O&G,
mining, and other sectors.

Technical Lead at
SARFocused
Service Provider

D

Intermediaries

Who do they work for?

They manage the SAR services team
in the delivery of monitoring
services for their O&G industry
clients.

GwS3dz I NAGE | yR
acquisitions is my top priority

for future missions. To build and
grow a commercial SABased
services businesses, you have to
be able to rely on the data
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T Technical Lead, ©

SARFocused Service Provider
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SARbased pipeline and other monitoring
services may help O&G firms reduce risk o
damage to infrastructure and the
environment.

What decisions are they making (and how) today?

Decisions they support through their analyses span both
extraction/production site infrastructure monitoring, which is more
concentrated in one area, and transport pipeline monitoring, covering
thin assets that can span hundreds of miles. On O&G fields, INSAR help
' yagSNI 0KSANI Ot ASyiGaQ l[jdSadarzya
shearing or kinking, especially around fault lines and dendestih

pipeline networks. For transport pipelines, INSAR monitoring can help
inform proactive maintenance by the client to reduce chances of an
adverse event occurring, and SA&sed rightof-way encroachment
monitoring can act as a vector for-time-ground response teams to

ensure damage (e.g., from construction) to the pipeline is avoided. For
offshore platforms, INSAR can monitor subsidence, and SAR polarimetry
can support analysis of the lowest cost response to an ice floe (e.qg., is
thickness such that it can be broken up by icebreakers, or does the
platform need to be moved).

Do they have experience with EO data?
They have extensive experience with EO data, particularly SAR data.

What do they want or care about?

Their top priority is regular, reliable acquisition and access tddéoel
SAR data products. They are excited abebahd because of its
vegetation penetration and additional look geometries over North
America, but specific data attributes are secondary in priority for them

comRareq with reliahle data access...
FoAt Aue 2F 0UKS

dza A y 3 dé
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Technical Lead at SAR

Focused Service Provider
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100year businesses. Our clients
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sure what to do with the
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T Technical Lead,

SARFocused Service Provider
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increase in the level of
awareness about the potential
of SAR data in this industry
would be beneficial for market
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T Technical Lead,
SARFocused Service Provider

G C NBand ffom NISAR may
make monitoring of long
distance Canadian arctic
pipelines easiaror possible in
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T Technical Lead,
SARFocused Service Provider
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2 What wouldanotivate them to use NASA EO data?
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What are their technical needs?

They rely on a combination of government and commercial data sources
G2 YSSO GKSANI Ot ASyiaQ ySSRa 2y
satellite constellation to meet all of their needs. In terms of data
attributes, needs vary by use case (see previous section for more detail)
Specific priority technical needs, considering currently available data,

 LdhcYude $ighresoNdon (i.e., 10 m)-band data and dualook

geometries over North America.
I FGSNJ GKS

data in the future. Higiesolution, free tband data with dualook

dzieamerBes Rver{asseats of interest will likely lead to use in pipeline

monitoring use cases, especially in vegetated areas. Simple, reliable da
access will improve their user experience with NASA EO data and
increase the likelihood and volume of use. L-ogign clarity about data
continuity beyond current missions will also play a role in motivating
them to build services based on NASA data compared with other data.
When analysis results are comparable, they will likely choose data sets

> with Gearangilong continuity into the future.

What are their adoption barriers for using NASA EO data?

These users have no significant adoption barriers for their use of NASA
Level 0 and SLC SAR products inthe future, unless regularly accessing
thege products is not easy.

What are they afraid of?
N/A

What do they NOT care about?

They do not care about sourcing all their data from one place. They are
in the business of, and excel at, combining data sources to best serve
0 KSA NI Of Asfevific ae@ds.[NNEAAIStaHD not need to meet all
their needs to be useful in improving their services.
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Product Manager at
Pipeline Inspection
Service Provider

User Community:
0O&G Infrastructure Management

Who are they?

Pipeline experts with otthe-ground
experience conducting pipeline
inspections and other services to
support pipeline management. They
are eager to understand how new
data sources or techniques can help
GKSY YSSi

IntermediarieS

Product Manager
at Pipeline Inspection
Service Provider

Who do they work for?

They provide sensors and services to
both O&G firms and utilities that
own water/wastewater pipelines.

GDS20SOKYyAOFt GK
especially at river crossings,
were identified as one of the
highest need areas in our
industry for improved
technology solutions at the
2020 federal pipeline
reqgulator R&D forurd €

T Product Manager,
Pipeline Inspection Service
Provider
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Pipeline experts work with both O&G and
utility clients to enable the cosfffective,
safe management of pipeline assets.

What decisions are they making (and how) today?

In support of their clients, they provide inspection services and
monitoring that inform the best approaches for extending the life of
pipeline assets and conserving budgets. Their services help prevent
failures due to erosion, scour, landslides, and tpizaty

encroachments. Before inspections, users review historical records of
pipeline alignment, failure history, and hydraulic analysis of pipeline flow
and pressure to orient field activities. Inspection tools include inline
devices (e.g., smart pigs) and manned inspections. Acoustic leak
detection tools, internal closedircuit television, and data from inertial
measurement units can help map pipelines. Tools can be located from
above ground and can record GPS points to help identify the location of

0 KSA NJ Oftthe Bigeling mintyvBese Riéinetground response is warranted. They

may partner externally for E@Gased service providers, including with
satellite-based service providers to help identify pipeline risks or with
other service providers to fly imaging systems (e.g., drones, helicopters,
light aircraft) along pipeline rightsf-way (annually, twice a year, or

more often) to identify incursions along the righaéway (e.g.,

construction activities along the rigif-way).

Do they have experience with EO data?

They have limited experience with EO data. They have purchased EO
data and services before, but-house expertise processing EO data is
not common.

What do they want or care about?

[gtpeﬁr gxgerience, itis more cesffective to inspect, repair, and
actively manage existing pipeline assets than to replace them. But
pipeline assets are expansive, so they care about identifying the best
tools/data to help prioritize which pipes or locations to evaluate first.
They would like to be able to eliminate dependency on expensive
monitoring hardware on the rigkhtf-way, which often requires solar
power and satellite modems, especially in remote areas, or regions
where theft and vandalism are likely.

pzd
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Rightof-way is defined bR OT PHMS#s "the property, or easement, that pipeline operators secure to install and maintain transmission pipelines. Operators
generally obtain ROW by purchasing the property, by mutual negotiated agreement with a landowner, or throegtieredrtondennation procedures."


https://primis.phmsa.dot.gov/comm/ROWBrief.htm?nocache=4348
https://primis.phmsa.dot.gov/rd/mtg_021920.htm

Product Manager at
Pipeline Inspection
Service Provider
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monitoring at scale, but our
customers want a high level of
confidence before they consider
replacing existing methods. For
now, we only use ERased
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T Product Manager,
Pipeline Inspection Service
Provider
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T Product Manager,
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What are their technical needs?

For geotechnical threats to liquid and gas pipelines, these users
recognize that gradient changes of interest at localized areas on slopes
can be caused by ground movement much deeper than the pipe is
buried. The fact that these movements result in only small changes on
the surface leads them to want at a minimum decimeténot
_centimeterlevel precision. They can accept weekly t@aal2-month
Rupdas f& this geotechnical monitoring. For rigifitway
encroachments (e.g., construction activity), they require lower precision
and resolution but higher frequency of data; ideally 4 to 12 hours but at
lower spatial resolution. To prevent illegal taps of pipelines used for
theft via tunneling or small pothole excavations, they need both -igh
resolution and frequency of data.

at would motlvatet m to l'Jse NASA EO data?
What weuld mativate tham ta ¢

{2fdziA2ya GKFG FFF2NRIOE & AYLINROD
processes would draw them to use NASA data; although in the short
term, they would likely need to partner with thiparty experts in EO
processing to use NASA data. Solutions for areas of high concern, such
as river crossings, would be particularly valued; these are already areas
recognized by the PHMSA as high priority for improved monitoring
solutions.

d
%ﬁat are t?lelr adoptlafl barriers for using NASA EO data?

They have little experience with EO data processing, although they do
have experiencing partnering with Hfased service providers to
incorporate EO data into their client services. A key barrier for them is
justifying the cost of high enough resolution ddiased services. They
need services built from NASA or other EO data to (1) be affordable to
them, considering the cost of data buys (when applicable) and
processing, and (2) show significant value for their clients, compared
with alternative methods, before adoption.

What are they afraid of?

They are afraid of losing market share to competitors with new, more
efficient methods (including using other EO data or more effective data
analysis approaches). They are interested in conducting joint research
and partnering to mitigate this risk.
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SDC User Community Profiles

x Mineral Exploration & Extraction
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,\,‘ User Community:
’ Mineral Exploration and Extraction

Community Overview

The mineral exploration and extraction community includes mine operators, their technology and service
providers, their insurers, commodities and environmental, social, and governanceofted@q investors,

and government regulators. In this community, EO data (including SAR data) are already used extensively to
ensure safe and efficient identification and extraction of minerals that fuel the global supply chain.
Experienced users of EO data in this community are eager for additional EO data that will enable improved
existing and potentially new services within the community.

Selected User Profiles for SDC ® Potential Use Cases for SDC Data Products
Intermediaries INSAR for stability monitoring of tailings dams to ensure safe
operations
INSAR Lead at EBased Mineral Exploration Lead at
Service Provider EGbased Service Provider INSAR for slope stability monitoring at operational pit mines tc
® ensure safe operations
Moving Forward for SDC

Mining-sector clients are a leading privasector user of EO and SAR data; they are increasingly a focus for
SARbased service providers. These providers use INSAR to manage both wide area issues and events in det
so that they can make timely decisions related to both safety and operations. They want to be able to
provide highresolution, more frequent InNSABased services to their clients in this and other sectors, so they
highly value InSABriented satellites.

For mine site use cases, NAS#ahd data will be highly valued in this community for vegetation penetration
and because it makes for easier phase unwrapping in INSAR workflows over mine sites where large
deformations occur. Beyond high temporal resolutidoalnd data, this community would highly value more
regularly updated DEM products; they currently derive DEM measurements from SAR because the DEM
update rate they need is faster than what available products support.

For mineral exploration use cases, SAR is currently seen primarily as a complement to multispectral data.
There are opportunities to expand SAR use in mineral exploration if research can prove out less developed
SAR use cases (e.g., use of multipol SAR data for compositional mapping, differentiating rock types as a
function of their head capacity). Intermediaries in this community are interested in new SAR use cases, but
they may need the to be desked through demonstration in the peeeviewed literature to help make

adoption feasible.
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User Community:
Mineral Exploration and Extraction

x

Organizational Assessment

Mining companies place a high priority on continued reliable monitoring, both from EO &hd-ground

sources, to reduce operational risks. They rely primarily on-garty service providers to leverage EO data,
which they combine Himouse with orthe-ground data and processes. Insurance companies and ESG

oriented financial institutions are more reactive consumers of EO data in this community, purchasing EO
based services to understand the potential causes and damage extent of adverse events after they have
occurred. These investigations may be used to adjudicate insurance claims or inform buy/sell decisions
associated with ESG targets. As a result of recent adverse events in the mining industry (e.g., the Brumadint
dam disaster), mine asset owners and operators are becoming increasingly aware of the need for monitoring
solutions that reduce risks associated with their tailings dams, tailings piles, and pit mines. This need has
driven a recent increase in demand for InSy&Red services because mining companies see a clear financial
incentive to reduce their liability and to optimize operations.

Intermediary EO service providers in this community are mature users of EO data. Mineral scouting, stability
monitoring, and activity monitoring service providers have and will continue to develop workflows to

support services sold to mine asset owners and operatths leading end users in this community.

Insurance companies and E8@nted financial institutions also buy services from the same providers,
especially to support investigations following an adverse event (e.g., tailings dam failure). Leabasp&O
service providers have extensive, sometimes decades of, experience processing SAR data for mineral
extraction use cases. They are highly sophisticated users of SAR and other EO data. Whekamzitase

data attribute needs are met, they will be able to evaluate and incorporate new SAR data sets into their
workflows with limited technical assistance. Most of these service providers serve clients in the mining
sector and other sectors where SAR data are valued for geotechnical analysis (e.g., the O&G industry, as we
as civil infrastructure). Mineral exploratigiocused service providers have extensive EO data processing
experience, but historically SAR data have been less relevant than optical data for their use cases; they have
potential to increase their use of SAR data if key use cases with new data products are shown to be feasible
and valuable

Onthe-ground dataare combined

EGbased service providers are Use of EO data across users in this

with EO data (e.g., SAR, opticaf)
inform a range of decisions. Free, daf
with global coverage frorspace
agenciesare valued to drive
consistency in methods and when loy
resolution is acceptable, but
commercial constellationsare

sophisticated EO data users who are
needed to operationalize EO data for
use by mining companiesiSARLeads
at EOBased Service Provide@re SAR
experts leading efforts to support

stability monitoring use cases of

tailings piles, tailings dams, and mine

community has grown in recent years.

Users includéline Owner and
Operator staff (e.g., tailings engineers
who integrate onthe-ground and third
partycprovided EGbased data into
geotechnical analyses of tailings dam
and storage facilities) but also include

7]

leveraged when high temporal or walls.Mineral Exploration Leads at theaAyS hLISNI G§2NBRQ| Lya&dzNBNE
spatial resolution data are needed. EOQBased Service Providerse a wide Commodities Traders ES@iented
range of EO (mainly optical) and other | Investors andGovernment
data to enable mineral exploration Regulators
activities.
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,\,‘ User Community:
’ Mineral Exploration and Extraction

Technical Assessment

SummaryWeekly updates of 1én SLC products can support stability monitoring use cases of mine walls,
tailings piles, and tailings dams, although high temporal and spatial resolutions products are valued to
improve these and support other use cases as well. Mineral exploration use casegl@@al coverage
products of multiband, multipol data, temporal resolution, and latency are low priorities for them.

Current Data Products Use@ommercial E®ased service providers use a wide variety of government and
commercial SAR data sources to support stability and activity monitoring use cases. For stability monitoring,
data sources include Sentirk] TerraSARX, COSMGkyMed, ALOS, ICEYE, and RADARSAT -tégiution
commercial SAR satellites, commercial RF mapping (e.g., HawkEye 360), and some government satellites &
alsousedfor SARIF a SR | OGAGAGE Y2YyAG2NAYy3aId | ONRaa al St A
high-resolution DEM, are used. @ne-ground radar systems (e.g., IDS GeoRadar IBIS Series) are also used
for their fast repeat rate.

In mineral exploration, multispectral data are the primary type of EO data used today. Sources include ASTE
Sentinel2, WorldView3, and other data; grounttuth spectral data are also used. Radar satellites are
beginning to be used more often for scouting in areas with significant forest cover where optical data do not
penetrate. Sentinell has been used most often, but TeBARX, COSM&kyMed, and other higher

resolution data have been used as well. Beyond EO data products, geophysical (e.g., magnetometry, gravity,
radiometric), geochemical (e.g., lithogeochemical, soil samples, lake sediment), and geomorphology (e.g.,
regolith, geological maps) are all used too.

Preferred Data Attributes

Spatial ResolutionFor many stability monitoring use casesri(BLC products are useful, although high
resolution data (1 to 3 m) are valued for targeted monitoring of key locationsreésmiution products, like

30-m deformation products, may be valued and usable to support mining use cases, but users see them as
unlikely to replace use of Sib@sed processing for higlesolution outputs. For mineral exploration, high
resolution (36m) products are acceptable for most use cases.

Temporal ResolutionUsers view weekly data products as acceptable for many stability monitoring use
OFasSaT (KSaS aSNBAOSa Yl @& AyiSaINIaGS 6AGK YAYyS 2L
products. Down to daily revisit use case needs are primarily high spatial resolution and seen as well served
by commercial satellite data providers. Notably, temporal resolution of DEMs is also important for stability
monitoring use cases, and service providers face challenges today given that DEMs are typically much older
than SAR data. They have adopted DEM workflows to incorporate SAR data into existing DEMs, and they
would value DEM products with higher temporal resolution (i.e., monthly updates).
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Technical Assessment

Preferred Data Attributes (continued)

Spectral BandEGbased service providers expect to use many SAR bands in their work with ‘eatay
clients, selecting the most affordable data source that meets the resolution requirements of the given use
case. For pit mine stability monitoringpbhand is particularly valued because of the severe deformations
occurring on site; phase unwrapping procedures are simpler widnd in these use cases because of the
longer wavelength. In mine activity monitoring, this capability enables monitoring of assets obscured by
forests (e.g., a copper mine inthe Amazon).

Mineral exploration use cases for SAR may benefit from multiple bands ¢egd Eband) to help
differentiate surface mineralization:-hand may also be able to assist with differentiating rock types as a
function of their head capacity, although this use case is less developed.

Polarization:For mine site monitoring, users prefer dyadl data and may see some benefit to quaal
data.

For mineral exploration, multiple polarizations, ideally qpatl data, may be valued for surface
compositional mapping. One user noted that this use case remains largely theoretical though and has not ye
been demonstrated.

LatencyFor mine site monitoring, latency is a high priority data attribute; and+dext latency is acceptable

for most users. Users noted that most of their use cases are safety critical (e.g., monitoring of an unstable
rockface, monitoring of a tailings dam), so they desire reliable access-tatewy data products to reduce

the potential for negative outcomes and build trust in the use of SAR data. As one current user explained,
GaAYS (2 100Saa RIFIGF 2y0S GKS 0O02ttSOGa FNB OF LI d
capture to availability in catalog for us to download slows down our ability to respond to demand or customer
AYiGSNBadged® LF GKIG O2dd R 6S adNBFYfAYSR:E AU ¢2d#Z R

Latency is a low priority for mineral exploration.

Coverage Aredor mine site monitoring, users need only data over the mine sites; these sites are globally
distributed but typically spanning 5 to 25 kim area.

For mineral exploration use cases, users value global coverage overland. For some EO data products, miner
exploratiorcfocused EO data users experience gaps in coverage abalegy6te latitudes because of orbits

of government satellites. They noted in these areas that commercial data providers do not routinely collect
data, and if they do, the data are often useless because of the snow cover.

Data Formatstsers in this community prefer SLC files todayf@&ARand other SARased use cases.

Current data users believe higgvel data products, including coherence maps, weekly interferograms, and
weekly deformation maps, could be valuable, but they may have limited use in the community if they do not
meet the spatial resolution needs of the existing use cases.

Other:One EGbased service provider indicated that long, historical tisegies data are valued for work
with insurance companies, because they may be interested in analyzing historical deformation at a site.
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Technical Assessment

Example WorkflowsWorkflows vary by organization and use cases, and examples are provided to illustrate
ways existing data products are used in this community.

Mineral exploration example workflovad | vy £ @ G A Oa RIGF @F NB6 |t NBFRe w2
reflectance and may also be composited (we have proprietary bare earth composites we have generated frol
full archives of data, i.e., ASTER). So, workflows are tyfiasélynapgeneration, masking (water,

vegetation, snow, ice, some cloud and cloud shadow if needed), data product generation using multispectral
techniques such as RGBs, ratio and mineral indices. Then we will usetgrtbuadd other supporting data

to go to mineral mapping (using supervised classification) if applicable. Depending on the scale, can also do
YFEOKAYS tfSIENYyAy3a aiddRReT GKSY TFAylLIffteé AYyIiSNLINBGLI G

Ongoing stability monitoring example workflo:6 M0 wSOSA @PS | yR RA&AO0dzaa Of A
catalog of resources across all available devices, (3) share with client and configure acquisition and time to
deliver (e.g., 4, 7, 11 or 12,-8dy differentials), (4) push data through the data processing blender, (5) share
initial outputs and tune to deliver data in the preferred scenario/format, and (6) revisit and harmonize with

AAAAA

ESG company pesvent investigation workflowd L Yy I y@rivéh @cnéirip, something occurs on site, and
operators or ESG companies look for insight into extents and impact of something like a tailings dam failure
(water levels, river pollution, vegetation degradation). We pull SLCs from our different sources and convert a:
needed to run through our different workflows and provide results in preferred outputs to customer.

A A v A o~

' LIRFGSKkNBLISFG a ySSRSR®E
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Use Cases

Within this community, a range of use cases exists that may benefit from SDC data products. Many of these
use cases are of interest for both active/operational mines and closed mines because mine operators may
have liability after a mine site closure. Use cases ot text have additional detail.

A InSAR for stability monitoring of tailings dams to ensure safe operations

A InSAR for slope stability monitoring of large mineral ore and tailings piles to ensure safe operations

A InSAR for slope stability monitoring at operational/active pit mines to ensure safe operations

A Historical INSAR analysis of tailings dam failure for-pusht insurance investigations

A SARbased activity monitoring of closed mine sites to inform triaging of ground teams to respond if needed
A SARbased analysis of damage extent ptaitings dam failure for ESG/finance stakeholders

A SARbased estimation of dry vegetation (to supplement NDVI, which captures healthy/green vegetation) to
support vegetation masking tools in mineral exploration

A SARbased differentiation of rock types as a function of their head capacity in mineral exploration

A Topographic and structural data extraction from SAR amplitude data to provide supporting data in mineral
extraction workflows

INSAR for stability monitoring of tailings dams to ensure safe operations

The challengeTailings dams store bgroducts of mining operations, and their failure can lead to | oss of life for mine workers and surrgungin

communities, detrimental environmental and health impacts, and financial losses for mine operators and their insurers.

How EO data might helpSurface deformation and dam fractures can precede eventual dam failure. EO data, particularly INSAR, can hejp spot
indicators of failure risk before failures occur, e nablingtbe-ground response to further assess and mitigate risks thatccoahtribute to an
eventual failure.

Key data attributes:Reliability in data capture and access is critical to enable safétgal monitoring operations. Users see the i@ 12-day
repeat rate of 10to 20-m SLC products as useful, but a significant benefit could be derived from a higher temporal fre qiseitgrf as to 1 to
7 days) and higher spatial resolution (downto 1to 3 m).

INSAR for slope stability monitoring of operational pit mines to ensure safe operations

The challengeEnsuring pit mine slope stability is critical to the safe and profitable operation of mines. Although design plays eotgitital
future slope stability, unidentified geological structures, weather conditions, seismic activity, and other factors carslepeé failure,
necessitating continuous monitoring of stability.

How EO data might helpinSAR can serve as a complement teleaground data, providing precise understanding of slope conditions thatfcan
integrate into safety management workflows. Through use of INSAR monitoring, mine operators may be able to detect som@pteciope
failure before they are visible to etihe-ground monitoring equipment.

Key data attributes:Reliability in data capture and access is critical to e nable safétgal monitoring operations. Users noted that a weekly
repeatrate of 1ém SLC products is acceptable, but higher temporal frequency (as oftenas to 1 to 7 days) and highersgatialrédown to
1to 3m) are preferred. Many SAR bands are useful,4aind is valued because of the severe deformations possible in pihgiphase
unwrappingis easierwithe Y RQa f 2y 3SNJ 6 ¢St SyaiKo
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INSAR ead at E@Based
Service Provider

User Community:
Mineral Exploration and Extraction

Who are they?

They ardnSARexperts with years of
experience developing and
exploitingInSARechniques to
provide geotechnical support to
clients in the mining, O&G, and
other sectors.

Intermediaries

INSAR_ead at EEGBased
Service Provider

Who do they work for?

They manage thénSARservices
team in the delivery of stability
monitoring services for clients in the
mining sector, a client base that has
grown significantly in the last 5
years.
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T InSARead,
EGBased Service Provider
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INSAR service leads deliver stability
monitoring services to mine operators to
help reduce the risk of adverse events at
active and closed mine sites.

What decisions are they making (and how) today?

Across the decisions they support, they are leveragidwpise INSAR
workflows that begin with SLC files from commercial and government
data providers. Decisions they support through their INSAR analyses at
active and closed mines include stability monitoring of tailings dams and
tailings piles. Their clients use these analyses, together withe&n

ground data, to ensure precursors to potential adverse events related to
the tailings facilities are identified early on and mitigated. These users
also support slope stability monitoring in pit mines, where deformation

Is particularly severe; here again, their services are used in conjunction
with on-the-ground processes to ensure safe operation of the mine.

Do they have experience with EO data?
They have extensive experience with EO data, particularly SAR data.

What do they want or care about?

They are excited for NASAband data to arrive in the form of NISAR
because they seeland as critical to their miningector use cases.

They want to be able to provide higher resolution, more frequent IRNSAR
based services to their clients in this sector (and others), so they highly
value InSARriented satellites. They recognize their need to integrate
the best available satellite products from both government and
O2YYSNDAIf &a2dNDSa (G2 aSNWS GKSA
government products, they want a better, faster way to download and
integrate products into their workflows, which they note support
operational, safetycritical decisiormaking. They also care about access
to long timeseries data.

iKS®@
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InNSARead at E€based
Service Provider

I:'jRTI Innovation Advisors

¢ What are their technical needs?
In constraining their INSAR analyses, they rely on DEMs that are not
regularly updated, and they are forced to employ their own DEM
workflows to modify these products to better constrain their INSAR
G2S KIF@S LINEOf SY aanilySed. ke ioyldvalue more regularly updated DEM products. The!

data from free SAR sources
today. It takes a long time to
download, and it is not ideal
K2g AdGdQa OF Gt 23
can be safetycritical needs for
an unstable rockface or tailings
dam monitoring. Smoothing the
delivery pipeline would be a
YIaaA@S 0SYSTAL
T InNSARead,
EGBased Service Provider
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yellowgreen, simple to
understand reports we can
provide them to help monitor
ONRXRGAOL €
T InSARead,
EQBased Service Provider
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would also like to benefit from multiplook geometries over the

United States. Their technical resolution needs vary by use cases.

Preference is for 1n products available every 2 to 4 days, but
g%@jficg@vﬁlue fveuls Regderived from weekly products; they expect
such products would not change their need for higholution products
in many use cases.

W hat would motivate them to use NASA EO data?

'-FE"‘R}{]WWﬁS&@'SAR data when they arrive, and they will likely use SDC
data in the future. Higimesolution, free tband data over their mine
sites of interest will be the primary draw for them to use NASA data.
Simple data access via an API will significantly improve their user
experience with NASA SAR data.

What are their adoption barriers for using NASA EO data?

They face no significant adoption barriers in using NASA SAR SLC
INRIeslucts ip &e fgtywes Thrygnay face a barrier for using heykl SAR
products if they are too coarse in terms of spatial resolution; high
resolution, higHevel products will increase the likelihood of use,
although they recognize SLC files will likely continue to be preferred.

€ What are they afraid of?

They are afraid that clients relying on them for safetigical insights will
not receive those insights in time because of the challenges in the data
access pipeline and that adoption of SBd&ed services will remain low
because of unclear continuity of future missions.
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Mineral Exploration Lead

at EOBased Service
Provider

User Community:
Mineral Exploration and Extraction

Who are they?

They are EO and geology experts
with years of experience using
multispectral and other products to
search for evidence of
mineralization.

Intermediaries

Mineral Exploration Lead
I ( -BagedService
t NE A RS NJ

Who do they work for?

They work primarily with major
mining firms to provide remote
sensing support in exploration of
gold, copper, nickel, and other
commodities.

GhLIGAOFE RIGL
most mining exploration needs,
so we would only use SAR when

g 2
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Mineral exploration service providers
combine EO and other data into insights _
UKIFd IFOOSt SNYuS GKS
exploration activities.

What decisions are they making (and how) today?

They are leading client engagements, helping to manage their internal
GSFY G2 YSSUG GKSANI Of ASyiiaQ ySSR
internal EO product databases and processes in conjunction with
groundtruth and other supporting data to create mineral maps for the
client. Currently, they rely primarily on optical EO data sources, but
groundtruth spectral data and radar satellite data are also used with
geophysical and geochemical data.

Internal decisions they make related to EO data center around how new
products or workflows could improve internally maintained product
databases and processes. Related to SAR, they support exploration of
techniques for SARased quantification of dry vegetation (to

complement optical products in vegetation maskingpand data to

assist in differentiating rock types as a function of their head capacity,
andmultipol SAR data for compositional mapping.

Do they have experience with EO data?

They have extensive experience with EO data, particularly optical data
but also radar data.

What do they want or care about?

A significant aspect of how they provide value to their clients is the
ability to offer analyses with global coverage; although they value high
resolution products, global coverage is their priority. They are interested
in the potential for new SAR use cases (e.g., usaitiipol SAR data for
compositional mapping), but they recognize many of these are not yet
developed or demonstrated today. To help make adoption feasible, they
want new SAR or other EO data use cases for mineral exploration to be
de-riskad through demanstration_in. the peeeviewed literature.

N“]*Out [ (ijIA%JR""\datae,j t%nei/ garengn& Jcontinued support for existing
optical products and hope to obtain higlsolution thermal data in the
future.

2LIGAO0LE Olyy20 62N) ¢
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T Mineral Exploration Lead,
EGBased Service Provider
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Mineral Exploration Lead
at EOBased Service
Provider
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T Mineral Exploration Lead,
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What are their technical needs?

They would benefit from higtemporal resolution topography products,
because they currently extract radar amplitude data to improve mineral
extraction workflows. They valued. Y RQ& | 0Af AG& (2
where optical data cannot, as a result of vegetation cover, and its ability

T t@ povigegnsight into rock head capacity. They want increased access

to, and improved resolution of-band data.

KI (Qa
betterthanaWa L2 (1 f A AK3I Q

Whatweuld motivate them to use NASA EO data?

They are likely to use NISAR data when they arrive because they want
better access to-band data. If NASA offers global coverage data

products, they are likely to consider their utility in mineral exploration
workflows.

What are their adoption barriers for using NASA EO data?

If NASA products are limited in geographic coverage area, they could
have low utility across mineral exploration use cases. For emerging or
hypothetical applications of EO data for mineral exploration, there may
be limited or no adoption before use cases are demonstrated in the
peerreviewed literature.
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SDC User Community Profiles

i Water Utility Management
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Py User Community:
« Water Utility Management

Community Overview

The water utility management community works to ensure water and wastewater services are available to
residential and commercial customers. The community includes public utilities; product and service providers
(e.g., design/construction service providers; treatment equipment vendors, pipeline inspection service
providers, water resources consultants); and local, state, and federal government organizations providing
enabling resources and regulating watelated challenges. Across the community, EO data can enable
improved management of distributed infrastructure (e.g., nonrevenue water leak detection to triage
maintenance), forecasting and management of droughts (e.g., for irrigation districts), and water quality
events, and more. Excepting some service providers, the community has little experience processing EO dai
but does benefit from productand serviceprovided by federal government partners and privastector

service providers. As infrastructure continues to age and the climate continues to change, EO data may grow
in importance to this community in the coming decade.

Selected User Profiles for SDC ® Potential Use Cases for SDC Data Products

Intermediaries Soil moisture analysis to optimize drinking water pipeline |eak
detection and maintenance

Hydrogeologist at Water Asset Manager at Water . o
Resources Consulting Firm Utility INSAR for GPS data to inform groundwater pumping limits se

® subsidence districts

Moving Forward for SDC

As with other user communities, SDC has an opportunity to either lead or participate in innovation
ecosystems and partnerships that also involve other federal, state, and local government organizations. End
users in this community typically rely on a combination of federal government (e.g., NOAA, USGS) EO data
products and privatesector service providers to incorporate EO data into their work; this will likely remain

the case in future. Drought forecasting and management is a leading area of concern for them and
represents a key opportunity for NASA to engage them. Beyond specific data product attributes, they want
EO leaders such as NASA to introduce frameworks and enable sharing of methods that can resultin less
repetitive data processing across organizations in the water resources community. As one water resources
consultant explained, they have the technical experience to merge Landsat, S@ntn@ARand other data

to generateevapotranspirationT), snow, and irrigated agriculture tirseries data now, but the processing

of the data irhouse limits where it can be applied (because of the internal processing resources required).
They see more standard products as enabling the growth in use of EO data for water resources managemen
Recognizing that even though water resources consultant$n®&&Rime-series data now in support of their
groundwater withdrawal regulator clients, they fihtSARsoftware costs limiting to their efforts. SDC should
consider options for addressing this challenge to enable more widespread e®Adtincluding further
engagement with water resources consultants to determine if/how tayel NASA data products may

reduce their need for HmouselnSARprocessing. 6o
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Organizational Assessment

Needs of public water utilities that could be addressed through EO data are diverse, ranging from drought
forecasting/management to water quality monitoring and alerts to pipeline/dam infrastructure monitoring.
Utilities benefit from EO data today by accessing products provided by NOAA and the USGS and sometimes
from EQbased services offered through service providers. Water utilities want to learn more about how
NASA data products may help enable their work, particularly those facing increasing challenges related to se
level rise, water quality, and drought. But they are likely to continue to depend on government and-private
sector partners to process and provide insights from EO data in the future.

Water resources consulting firms support water utilities, regulators, and other stakeholders in their
management of water resources. They have some expertise processing EClaatsdrioday (e.g., deriving
ET from Landsat data), and they want to better understand the next generation of NASA data products to
potentially incorporate into their workflows. They represent a key pathway through which NASA data
products can affect water resources management. They have limited experience with SAR data; one firm
noted that they needed to work with a local university to obtain interferograms for a recent project focused

on groundwater withdrawal.

Infrastructure monitoring and inspectidiocused service providers help water utilities manage their
distributed infrastructure (e.g., potable water pipes, wastewater pipelines/sewers). They provide equipment
and services to enable a better understanding of this infrastructure to effect more efficient and proactive
maintenance. These organizations historically use limited to no EO data in their services, although use of
satellite and other EO data is becoming more common; some firms are focused on drdgdtlFervices.
These companies are curious to learn more about how EO data may complement their existing service
offerings. They represent an opportunity to help grow the use of EO data in monitoring water utility
infrastructure. They currently learn about EO data services through direct engagement with startups
developing water utilitgtargeted services and reports/webinars from leading water industry market

intelligence platforms.

EO data inthiscommunity are often
accesseffom federal and state
governmentpartners who provide
high-level data productsandresearch
institute/university partners for INSAR
data. Some users inthe community
may accesslodevel products, such ag
Landsat NDVdnd surface
temperatures to derive ET and water
consumption estimates, arfiAR SLC
filesto enable soil moisturebased
leak detection.

intermediaries Include
Hydrogeologists at Water Resources
Consulting Firmsvith years of
experience in groundwater,
guantitative hydrogeology, and
groundwater modeling. They have th
technical experience to merge Lands
Sentinel2, INSAR, and other data to
generate ET, snow, and irrigated
agriculture timeseries data now; but
theyare interested in higlevel
products to obviate this work
internally.Sarfocused Service
Providersalso offer leak detection and
dam/levee monitoring solutions to thi

%

community.

End users includelanagers of Water

Utility Assets,working to manage drinking
water and sewage pipe condition
assessments, repairs/rehabilitations of
these pipes, and hydraulic modeling. Othe
includeHydrologists Meteorologists
Geologists Groundwater And Waste
SpecialistsandProgram Managersit
utilitiesthat analyze data to predict impac
of high-and lowwater events and make
decisions on raising/lowering reservoirs. |
some cases, these users may blur the ling
0SGsSSY aAyiSNYSRAI
in this framework; most really on higllvel
products or thirdparty intermediaries.
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Profiled in this report

Profiled in this report
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Py User Community:
« Water Utility Management

Technical Assessment

SummaryThe heterogeneity of this community means desired data attributes vary significantly across users
and use cases of interestm spatial resolution to watershelkvel data is desired at repeat rates ranging

from intraday to seasonal. Efocused service providers work from SLC files, but most users work from high
level data products. Users value products related to soil moisture, subsidence, arelSidétEdata. For
water/wastewater pipeline inspection, users have a strong desire for high temporal resoltieomdiquad

pol data to enable the use case.

Current Data Products Used:wide range of data products is used for water resources management,
including various databases compiled by state and federal agencies with groundwater and surface water
levels; weather and climateelated data from NOAA; Landsat, flows, and groundwater levels from USGS;
GRACE data (primarily for areas with very large aquifers); spatial maps of land crop data from USDA; GPS &
InSARJata for groundwater withdrawal monitoring; U.S. Drought Monitor products; dam and stream gauges;
and snow core samples taken by local organizations to augment federal government products.

For infrastructure monitoring, E@ased service providers useb@nd data (e.g., Sentindl) as SLC files for
InNSARmonitoring of dams and levees andhand data (e.g., AL&S SAOCOM) for polarimetbased
water/wastewater pipeline leak detection. N&O data sources for infrastructure monitoring/inspection
service providers include free swimming inline inspection tools (known as smart pigs), manned inspections,
acoustic leak detection tools, data from internal measurement units (to map pipelines), and pressure and
fiber-optic sensors.

Preferred Data Attributes

Spatial ResolutionNeeds vary by use case. For-B&3ed dam, levee, and pipeline monitoring, users want 3
m data and view 10n data as the upper limit for useful data.

For water resources management, users prefeao-m data to inform agricultural water use monitoring,

but Landsat 3dn data are seen as useful for watersHegtel analysis. One user noted regarding SWE that
thedr 6 Af AdGe (G2 YSIadaNBE ayz2¢L)l 01 FYyR {29 | OOdzNY (St ¢
storage in the Sierra Nevada, would be really valuable for planning purposes for somewhere like the

I TEAFT2NYAL [/ SYGNXf =1 ffSeoe

For damlevel and stream gauge sensors, as well as SWE, users are not sure what EO data resolution would
be required to reliably replace or meaningfully augment their existintherground sensors.
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Py User Community:
« Water Utility Management

Technical Assessment

Preferred Data Attributes (continued)

Temporal ResolutionDepending on the use case, users value data informing seasonal, weekly, and daily
decisionmaking.

For snowpack data, users view monthly data products as the minimum, witto 2-Week repeat rate
required in drought conditions. For water gauging above a dam, typically data are acceptable every few days
to once a week, but in flood conditions it is important to receive data every 12 hours.

EO data users monitoring infrastructure value down to daily data in some cases;&md@day repeat is
seen as the worstase usable data. One current user remarked that fenil@ata, 12day repeat rate may

be ideal; they explained that 4 data are not providing safetyritical information but rather acting to
augment ordam sensors, so the maximum repeat rate is not needed. They noted that in their current
practice they may only use 4y data (even when-8ay data are available) because the processing is not
justified by the relatively low value to their clients.

Spectral Bandt-band is highly valued for polarimethased soil moisture analysis, which is used to help
detect water and wastewater pipeline leaks for water utilities. Some service providers alasAsbased
monitoring to support pipeline leak detection; for these userba@d or Xband may be preferred because L
band offers minimal benefits (with most water pipes running near the road and not under vegetation cover
unlike O&G pipelines).

L-band is seen as offering benefits faSARbased dam and levee stability monitoring because these can
experience significant vegetation and soil cover. One current user notes they would ideally use multiple
bands (e.g., L, C, and X) together to improve their dam monitoring.

Polarization:Users view quagbol data as critical for polarimetigased soil moisture analysis for
water/wastewater pipeline leak detection. One current data user focused on this use case stressed tBat
hope dualpol will become a legacy polarization by 2028, and that go@ldwill become the default standard.
We hope NASA will be a leader on the technology front, enablingogpliahd other specifications and
letting private sector companies continue to uncover and develop innovative ways to exploit that data
O2YYSNDAL T f & de

LatencyDaily latency is example for EO data products. For saf#tgal dam level monitoring (e.g., during
flood conditions), users noted it is critical to receive intraday data.

Coverage AredJsers prefer global coverage. Currently, the lack of-th@d geometries over North America
is seen as limiting for the expansion of dam and levee deformation monitoring sehagasproducts will
be particularly valued in areas facing challenges related to subsidence; in these retiéisan
complement spatially limited groudobsed GPS monitoring of groundwater withdrawals.
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Py User Community:
« Water Utility Management

Technical Assessment

Preferred Data Attributes (continued)

Data FormatsFor EGbased, SAfRbcused service providerStripmapSLC products are preferred today. One
existing user noted that they would be interested in considering use of Jd@8iled interferograms in the
future, but they would always want SLCs to be available; they noted one potential benefit of@atityrd

free interferogram would be the ability to provide faster updates to their clients without adding processing
costs.

For water resources consultants who use SAR data less often, interferogram products or lowesARst
processing software would help make&SARand other SAR analyses more accessible.

As one user notedy 4 S & S S-solirge s@twadseygap in the use of SAR data. If we want toSlaR

processing ifhouse, the available commercial software is super expensive. More thaq7&BOger license.

There is a strong initiative by the EU to provide access to software tools for EU members, but there is a
firewall for parties outside of the EU. We could have that access for our EU branches, but we see that as a
limitation for us. We have many easily accessible tools that work anywhere in the world; but not for SAR.
There could be an effort so that all that data could be integrated in an-sp@ce manner for everyone in

GKS $2NIRX FT2NJ GKS oO0SYSTFAG 2F [ff o IGSARIYVi2HE Al Qa

Other:For existing SAR data users, diamk geometries for INSARbased dam/levee/pipeline
management over North America and reliable lehatency data access are top priorities.

Oneusernotedt S @2dzZA R y20 YAYR LI &Ay3a F2NIRFGF AF 4SS ¢
RStADSNE® /Iy & SG o0SGGSNI 2NJ LINA2NAGEe FOOSaa A
LINA2NRGAT S NBE A fAle ot
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Py User Community:
« Water Utility Management

Use Cases

Within this community, use cases for SDC data products exist. Use caskelditxt have additional detail.
A InSAR monitoring for supplementing -te-ground data for dam/levee management

A InSAR monitoring for supplementing or optimizingtbe-ground pipe condition assessments

A InSAR for supplementing GPS data to inform groundwater pumping limits set by subsidence districts

A SAR for construction detection in flood zone downstream of dam to inform reassessment of dam hazard

classification
A Soil moisture analysis to optimize drinking water pipeline leak detection and maintenance

A Soil moisture analysis to inform drought management by state agencies, irrigation districts, and utilities

A Snow extent and SWE data to inform drought prediction by state agencies, irrigation districts, and utili
A Surface water extent to inform dam flood risk level

ties

INSAR for GPS datato inform groundwater pumping limits set by subsidence districts

The challengeln many communities, groundwater is a critical resource, and careful management of thisresource is needed to meet curl
future water supply needs while minimizing land subsidence impacts on infrastructure, flooding, private property, and gterstdiage

monitoring methods are spatially limited, leading to an incomplete understanding of groundwater withgliaked risks.

How EO data might hellSARbased subsidence data can work alongsiddtmsground data (e.g., ctocated GPS and extensometer data) to
in existing data gaps in the district between the spatially limitetherground sensors; these additional data can improveisiecmaking
related to groundwater pumping to manage subsidence. Thelfa4&d data can also help inform where to place additionathaground
sensors.

is seen as emerging and not yet wellunderstood. Typically, subsidence data are used to infaemrideq., annual) targeter groundwater
use, and subsidence data are not expected to be needed frequently to enable this use. One user at a water resourcesgfoonsuliigested
atleast monthly updates to data would be ideal to enabling continuous monitoring; latency of this data would be low amibthy highest
spatial resolution possible is desired.

OF LI OAtGéed Ly a2YS NBIA2ya o60Sod3dyr | 2dAaG2yk DIt @3Sai2y S tonthedgfourd dzd & A F

entan

Key data attributes:ldeal data attributes required to support this use case are unclear to existing users, because use of SAR data farghig use c

Soil moisture analysis to optimize drinking water pipeline leak detection and maintenanct

Thechallenge! G At AGe &1 GSNJLIALISEAYS yShipg2Nl & NBE RAAGNAROdzZI SR I GN® &
detect acrossthis expansive area. Often, leaks are not detected untilthey are reported by customers. When not id edtéietiessed
quickly, leaks canlead to economic challenges for the utility in the form of potential damage and contribution to nonreataTdetals.

the-ground crews to further investigate and address leaks. This approach has the potential to increase efficiency and #stezillea before
they are reported by customers. As a SAR service provider noted, utility crews may investigate 10 potential leak s ppanpeddatify one
leak; SAR data can help triage spots for investigations and resultin their finding six leaks per day across &Gsgold ncrease in efficiency.

Key data attributes:Quad-pol l-band data are highly desired to enable this use case. Preference refaatial resolution, and 10 mis seen
the worstcase useful data. Daily revisit is preferred, and 14 to 16 days is seen as theagmsiseful data.

\V

How EO data might helpSARbased polarimetry can help identify where leaks may be occurring acrossthe pipeline network, helping triage on

S
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Hydrogeologist at Water
Resources Consulting
Firm
User Community:
Water Utility Management

Who are they?

They are hydrogeologists with years
of experience in groundwater,
guantitative hydrogeology, and
groundwater modeling.

Intermediaries

Hydrogeologist at Water
Resources Consulting Firm

Who do they work for?

Clients are diverse, including water
utilities, regulators (e.g., subsidence
districts), irrigation districts, and
state and federal irrigation project
teams.

I:DjRTI Innovation Advisors

Water resources consultants use EO data ti
provide water resources and water supply
consulting services to their clients.

What decisions are they making (and how) today?

For watershedevel analysis, they measure and analyze the entire
hydrologic cycle to inform wateelated planning and management by
public utilities and irrigation districts and state or federal irrigation
projects. These clients end up affecting individual water users (e.g.,
farmers, homeowners) through their management decisions. To support
this work, hydrogeologists use a range of regional wedtated data
products, including from federal and state agencies, to understand
groundwater and surface water levels. These products may be used
directly or further processed (e.g., Landsat NDVI and surface
temperatures are used for ET and water consumption estimates). To
support subsidence district regulators, they combine GPS groundwater
sensors with INSAR data to monitor groundwater withdrawals, enabling
the regulator to determine limits to set around groundwater pumping.

In this use case, GPS sensors are seen as providing the highest
confidence in accuracy and temporal resolution, but they are spatially
limited. INSAR helps fill gaps where GPS sensors cannot be installed an
helps informs where they should be installed.

Do they have experience with EO data?

They have significant experience processing EO data. But they have
limited experience with SAR compared with other data.

What do they want or care about?

They want to maintain and improve their client services. To do this, they
are interested in (1) accessing better data products that improve their
analysis; (2) accessing new, standard products (e.g., interferograms,
OpenET, which replace existing processes and enable them to spend
more time on other project issues; and (3) ensuring the future
continuity of critical products (e.g., the continuity of the temperature

GC2NJ dzax O2y Ay dzh Badd framiLamndsafisSseen &sicritital for estimating regional water

attribute. | would feel hesitant
to introduce data in a workflow
that might not be generated in
0KS Fdzi dzNB d¢ °

T Hydrogeologist,
Water Resources Consulting Firm

usage). Beyond specific data product attributes, they want EO leaders
like NASA to introduce frameworks and enable sharing of methods that
can result in less repetitive data processing across organizations in the
water resources community. One user explained they have the technical
experience to merge Landsat, Senti2elinSAR, and other data to
generate ET, snow, and irrigated agriculture tisggies data now, but

the processing of the data-mouse limits where it can be applied today
(as aresult of the internal processing resources required). They see
more standard products as enabling the growth in use of EO data for
water resources management. 75



Hydrogeologist at Water
Resources Consulting
Firm
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software gap in the use of SAR

data. If we want to ddnSAR

processing ifhouse, the

available commercial software

A& &dzLISNJ SELISyaa

T Hydrogeologist,

Water Resources Consulting Firm
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proprietary data, many of our
contracts are for public
agencies that require that we
provide all source data used to
generate the result. So, we are
often unable to use proprietary
data even if it would help
improve our work. And that is
for contractual, not financial
NEBI &2y adé

T Hydrogeologist,
Water Resources Consulting Firm
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What are their technical needs?

Needs for specific data attributes vary by use case (e.gn B@ndsat
data are seen as useful for watershiedel analysis, but-Io 5-m data
would be preferred to inform agricultural water use monitoring). Across
their work, highpriority technical needs include the following:

A Improving the ability to measure snowpack and SWE over a larger
area (e.g., quantifying water in snow storage in the Sierra Nevada) to

inform irrigation district planning (e.g., in the California Central
Valley).

@& Wmproving temporal resolution of water quality data to inform water
utilities managing water quality risks, enabling them to notify
customers or switch water sources as needed in real time.

A Higher temporal resolution ET data to enable more frequent
quantification of the water balance to inform irrigatieelated work
during the growing season; one hydrogeologist mentioned they are
excited for OpenET to provide retine, regional consumptive use
data, because they currently internally derive ET from Landsat.

A Having lowcost access to SAR processing software or access to
standard higHevel products to obviate its need. SAR is noted to be
anomalously difficult across remoetensing data sources to process
economically, and this is seen as limiting its use in water resources
management.

What would motivate them to use NASA EO data?

They are currently using, and will continue to use, NASA data products.
New products that improve their analysi®ither through enabling

more precise measurements, more frequent updates, or simpler
workflowst have potential to drive increased use.

What are their adoption barriers for using NASA EO data?
The cost of SAR processing software is a barrier to use of SAR data.
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Asset Manager at Water
Utility
User Community:
Water Utility Management

Who are they?

They are professional engineers with
background in environmental
engineering and years of experience
managing water/wastewater
infrastructure projects.

Intermediaries

Asset Manager
at Water Utility

Who do they work for?

Along with their colleagues, they
work for the community in which
they live. They may report to a
leadership team that is elected by
the community.

GhyS 2F 2dzNJ ad N
continuously reduce nonrevenue
water. If satellite data can

enhance our ability to do that,

we are interested in learning
Y 2 NB o¢

T AssetManager,
Water Utility
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Asset managers ensure reliable access to
water and wastewater services in their
community through efficient management
of distributed infrastructure.

What decisions are they making (and how) today?
¢tKSe YIyl3aS GKS dziatAleQa |
drinking water and sewage pipe condition assessments,
repairs/rehabilitations of these pipes, and hydraulic modeling. To triage
their condition assessment and repair efforts, they develop and rely on
their asset management plan, which may be informed by historical data,
internal GIS data, customer feedback, hydraulic modeling outputs - third
party inspection services, and other data. They may also support other
programs, including those related to water and wastewater treatment
infrastructure operations and water supply challenges (including
drought and water quality risk management).

aasi

Do they have experience with EO data?

They typically have no experience with EO data. They rely on their
service providers to provide them with processed readouts to enable
their decisions.

What do they want or care about?

They want to efficiently monitor and maintain assets across the vast
area covered by their water and wastewater infrastructure, but they
have limited financial resources. So, they are interested in-effsttive
ways to work more efficiently. They are particularly interested in
NBRAzZOAY3I y2yNBOSyYydzS 41 GSNJ 646 GSN
process but never reaches the customer), which can pose a financial
challenge for the utility when it occurs as a result of leaks, faulty
metering, or theft.

Aa G2
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Asset Manager at Water
Utility
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crews investigate 10 spots a

day and find 1 leak. If our SAR
based algorithm has a 60%
chance of finding a leak, we can
increase their efficiency by 6x.

LG R2SayQi ySSR
accurate, like in some science
applications, to deliver huge
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T Technical Lead,
EGBased Service Provider
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client that was very concerned
about seismic events and their
large diameter pipelines. Some
pipelines are segmented (bell

and spigot joints), and ground
movement can cause the joints

to openup. Liguefaction and
landslides are of concern

because they can sheer off
pipeline appurtenances when

the concrete vault that houses
0KS | LILMzNL Sy yOS

T Product Manager,
Pipeline Inspection Service
Provider
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What are their technical needs?

They need data that can improve their operations, including making
detection of challenges more accurate/reliable, lower cost, and faster

f (®.9.8lerts $orproblems before regular inspection identifies them). For

monitoring infrastructure, data needs are limited to the operating area
of the utility, but for flood management use cases, waterskedle data
may be of use. With limited familiarity or use of hilglvel EO data
products, asset managers need support understanding how and when
to leverage higHevel EO data products; and they will rely on third

Gpé:\rtieg ® prgggs&lggrga@ﬂapdéhelp them interpret those products from

low-level data.

S‘Q’Qaat would motivate them to use NASA EO data?

Utility asset managers would consider using NASA EO data (typically
through an intermediary because they have limited experience with EO
data) (1) if it were available in a format that is affordable and accessible
in their dayto-day work and (2) if they see a clear benefit of using the
data (e.g., if the benefits of using EO data to reduce nonrevenue water
exceeds the costs of accessing and using EO data for thus purpose). Fc
some utilities, increasingly aging infrastructure, climate change, and
whiuk §ebldgical thalleniges could drive them to adopt NASA or other
EO data products earlier. For example, utilities in regions with more
seismic activity may have more interest than most organizations in
products that relate to geohazards. Utilities more heavily affected by
Of AYIGS OKFy3aS o0Soadr NAAAY3A &St
management systems, groundwater withdrawal linked to subsidence
impacts on pipes) may have more interest in understanding these
changes in the context of their management plans.

What are their adoption barriers for using NASA EO data?

They have little familiarity with EO data and limited budgets.

at ARS& I gl & d¢
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SDC User Community Profiles

A Power Generation and Distribution
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A User Community:
Power Generation and Distribution

Community Overview

This community includes people and organizations that manage power generation and distribution: utilities
(publicly, investor, and cooperative owned) that generate and distribute energy to residential and commercial
users; power suppliers; and their product vendors, service providers, and regulators. This community is
highly regulated and must comply with Federal Energy Regulatory Commission (FERC) and Environmental
Protection Agency (EPA) regulations, as well as state and local public utility requirements, to ensure they
appropriately manage risks to the communities they serve. To meet regulatory requirements, manage other
risks, and optimize power generation, utilities already use various EO data products, often through
collaboration with external service providers with EO expertise. With new and improving EO data products,
changes inthe U.S. energy landscape (e.g., increasing prevalence of solar energy), and climate change (e.g
increasing risks related to drought and fire hazards), this community offers opportunities for increasing the
use of EO data.

Selected User Profiles for SDC ® Potential Use Cases for SDC Data Products

Improved snow extent and SWE data to inform efficient,
sustainable hydropower operations

SARbased detection of power line risks (e.g., vegetation grow
deadtrees, construction activity) to vectorlme-ground
response

Operations Lead at
Hydroelectric Power Company
[

Moving Forward for SDC

The power and generation distribution community, which includes the creation and supply of power, is a
significant global industry, and one that can greatly benefit from using EO data to understand problems and
opportunities, make decisions about associated priorities and strategies, and execute tactical actions and
reactions. There are opportunities for SDC related to this community; however, because utilities likely
O2yySOG (2 YdzOK 2F GKS RFGF FNRY Db!{!Qa RH@AAITYI
efforts with this community. In other words, in reflecting on the value or priority of EO data, SDC is unlikely
the appropriate lead for this community. Most end users are more interested in weather, surface biology, and
water observations from NASA missions. The exception to this may be SWE data, for which SDC has a cleal
potential benefit for hydropower generation use cases.

This community typically learns about new technologies through their network of service providers and
publications/events from powefocused research institutes (e.g., Electric Power Research Institute) and
agencies (e.g., DOE); thus, leveraging the existing innovation ecosystem will help NASA avoid recreating
relationships and channels that can be leveraged.
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A User Community:
Power Generation and Distribution

Organizational Assessment

Electric utilities are the leading end user of EO data in this community. Large, iroweséal companies

serve most U.S. consumers and represent a key path to impact for NASA E®ttatajmost 3,000 electric
utilities in the Uhited Statesinvestorowned companies comprise only 6% but service 72% of U.S. customers.
For managers in this communitgO and orthe-ground data are important for power generation (e.g.,
optimizing hydropower flows, complying with nuclear power regulations) and distribution (e.g., reducing fire
risk damage and liabilities).

Utilities employ science specialists, including hydrologists, meteorologists, geologists, groundwater and
waste specialists, and data integrators, to analyze EO and other data across their business today. These
specialists are typically on staff and have experience assimilatingeviglrdata products (e.g., NOAA River
Forecast Center model outputs) into their workflows. Large utilities also often rely on psieectier service
providers with expertise in remote sensing to capture (e.g., drone flights to inspect power lines), process,
and assimilate EO data products into their decist@king.

/I fTAYFGS OKIy3aS KIFIa KSAIKGSYSR dziAf A G A-Blated ude gdsdsB y S
may represent opportunities for NASA to provide value to utilities. Drought forecasting and response are of
particular concern for power generation (e.g., water is used to generate electricity through hydroelectric
systems), distribution (e.g., low soil moisture can be correlated with fire risk), and waste management (e.g.,
overflow of waste holding ponds due to extreme weather events can lead to environmental damage).
Beyond managing wateelated risks, EO data also may offer opportunities to reduce operating costs (e.g.,
replacing orthe-ground sensors, triaging manual inspections).

Utilities desire to maintain good relations with their communities and be seen as good environmental
stewards. They are open to understanding how EO data might help maintain these relations and help
improve operational efficiency. They typically learn about new technologies through their network of service
providers and publications/events from powkcused research institutes (e.g., Electric Power Research
Institute) and agencies (e.g., DOE).

Data are collected from ethe-ground This community has the least experien¢g Operations Leads at Hydroelectric Powgr
reservoirlevel sensorsreal-time river with SAR data of all the communities Companiesmanage economic and

and dam sensorsandevaporation profiled. Some users includgater environmental factors in coordinating
pansfrom both internally operated Resources Consultantée.g., modeling operations across generation facilities;
sensors and state and federal drought risks)EOFocused Startips they value snow, precipitation, and
government (e.g., USGS) partners. Otljdr (e.g., integrating SAR and drone data foff surface and groundwater data in their
data sourcesinclude h ! I Qa b I|&i p@&wéilibe monitoring), androne- work. Other users includ@am Safety
Center for Environmental Prediction Focused Service Provide(s.g., Leads(e.g., monitoring dam stability),
(including the Climate Prediction Centgr| providinginspections for power line Groundwater and Waste Specialis{s.g.,
and weather forecasts), thd.S. monitoring). The community does use protecting coal combustion residual sitels

Drought Monitor, |} { 5! Qa datah|¢ $Sdme highlevel data products like the from overflow), andperations Leads for
andNASASoil Moisture Active Passive Flood Early Warning System (FEWS) anfd Power Distribution(e.g., being aware of
(SMAB data.Drone datamay also the water forecast portal. Contractors and resolving risks to distribution assets).
inform power line asset monitoring. are used to build forecast models and
provide usable information.

Profiled in this report 81
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A User Community:
Power Generation and Distribution

Technical Assessment

Summaryt KA a O2YYdzyA(iéQa dza$S -2latedlde caRds(iToaddrass thedeluse 8abesp &
users value various water observations, including surface water, soil moisture, groundwater, weather, and
snow data, along with other data (e.g., land cover) that constrain models related to water risk. They use
these data to understand the current state and conduct analyses to predict future states. They rely on
multiple data sources from internally operated sensors and state/federal government partners. Beyond
hydrologyrelated observations, utilities may be interested in less developed SDC applications.

Current Data Products UseBata products used from external sources include the U.S. Drought Monitor,
USDA (SNOTEL data), NOAA (including weather data, regional River Forecast Center data, the Climate
Prediction Center data, and the National Center for Environmental Prediction data), NASA (SMAP data), and
USGS (state well sendmsed groundwater data and stream flows). Drone data may also inform power line
asset monitoring.

Internally, they also source data from evaporation pans, wiaeel sensors (on reservoirs, lakes, and dams),
snow core samples taken from their reservoirs, and internal flow data (e.g., flow that left their facilities that
day).

Preferred Data Attributes

Spatial ResolutionGenerally, these users desire higgsolution data, but end users did not identify specific
resolution needs for specific use cases. Observations of interest to the community include those at the
watershed scale (e.g., drought, groundwater recharge) and smaller scales (e.g., detecting vegetation
encroachment on power lines). One user stated if moretdA00-m EO data were available, it would likely
increase their number of applications for EO data.

Temporal ResolutionTimeseries data are important. They desire daily, seasonal, yearly, and decadal
historical data. And they prefer at least monthly, but preferably biweekly, observations to supplement or
replace internal SWE data.

Spectral BanddJsers interviewed did not specify preferences for a SAR spectral band.

Polarization:Although users did not identify any specific preference for SAR polarizations, they desire soil
moisture products from or enabled by NASA.

LatencyFor applications requiring daily or weekly data, such as reservoir levels and stream flows, latency is
critical in enabling a timely understanding of risks; these data contribute to-aeglle forecasting. Drought
data typically contribute to 6day or seasonal forecasting.
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A User Community:
Power Generation and Distribution

Technical Assessment

Coverage AredJsers of SNOTEL data noted that it does not currently provide data at all altitudes of interest;
lower altitudes are not typically included. These users desire SWE data across the watershed to reduce the
need to make qualitative assumptions from SNOTEL data regarding snowpack at lower altitudes.

Data Formatstsers want data that are importable or downloadable in appropriate formats so they can
easily use the data in a wide variety of programs and platforms. They are less likely to-lsel®AR data
products.

Other:These users want an improved understanding of historical snow depth data to help them site solar
power resources. And one solar powfrcused user noted data that indicate the likely snow melt time could
inform the decision to go clear snow off panels or wait for it to melt.

Users would like to detect power transmission threats (e.g., vegetation growth, tree fall risks, unauthorized
construction activities); typically, these threats are addressed through drones or other inspection methods. If
satellite data can make threat detection simpler, it may be of interest for this use case.
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A User Community:
Power Generation and Distribution

Use Cases

Within this community, use cases for SDC data products exist. Use caskelditxt have additional detail.
A Improved snow extent and SWE data to inform efficient, sustainable hydropower operations

A SARbased detection of power line risks (e.g., vegetation growth, dead trees, construction activity) to
vector onthe-ground response

A Surface water extent to support understanding of stream flows to inform efficient, sustainable hydropower

operations
A Surface water extent to inform dam spillover risk analysis antherground response

A Soil moisture, biomass, and land cover inputs to wildfire risk analysis to triage inspections of power line

risks

Improved snow extent and SWE data to inform efficient, sustainable hydropower operatic

generation acrossresources. They need to accurately understand available water resources to ensure they do not overdeaertlogis.
Currently, they use SNOTEL data, but they face challenges with its limited coverage (e.g., at lower latitudes); theypgethtreir own
additional snow core samples and make qualitative changes to SNOTEL data to meet their snow data needs.

How EO data might helpSARbased snow extent and SWE can provide them a more complete and accurate understanding of their wate
resources. With these data in hand, they will improve their efficiency and confidence in balancing a range of data flaaorsperations.
'3aSNBE YI@é& SELISOG 2 o60SySTAl FTNRBY SyKFYyOSR {29 RIGF &a2amsBfykow i
level data products directly.

Key data attributes:Data products that expand SWE estimatesto lower altitudes will solve an existing challenge for many SWE users. If
be generated at high enough spatial resolution and penetration depth, it may be able to meaningfully augment or eve romre fit@eground
snow core samples. Users want to be confident in their understanding of basins and require multiple SWE data pointscheessezir they
relyon. They desire data updates every 2 weeks, but upweek repeat data are acceptable.

SARbased detection of power line risks (e.g., vegetation growth, dead trees, construction
activity) to vector orthe-ground response

The challengePower distribution networks are vast, and detecting risks to power lines early is critical to e nabletlegrgiound re sponse
before adverse events occur. These events canlead to increased utlity costs and potential damage to private prop @ogdadiskpower
lines are diverse and include ingrowth from ve getation, dead trees near power lines (which may fall onto them in thedntbce)struction
activitiesthat threaten the lines. Understanding these risks has historically re quirdtesground inspections.

How EO data might help:f EO data of appropriate attributes and accessibility e xist, power distribution risks may be easier to detect and
early on before adverse events occur. Optical or-8a$ed change detection may enable identification of ve getation ingrowttcandtruction
activity risks, and hyperspectral or other data may provide insight into live/dead status of trees.

How EO data might helpTo provide meaningful insight into risks, users need-régblution data; itis unlikely 2t data can play anything
otherthan a supporting role in this use case. Data <1to 5m are likely needed to detect risks, and nonsatellite EGarssareammercial
alrdStftAaGSa vyre 0SS o60Said LI2artdAzySR G2 aSNWBS (KAa dza i, bltloagsriepeaty|
rate data may stillbe of value (especially ifitis playing a supporting role only).
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The challengeOperations teams at hydropower generators balance economic and environmental (e.g., water availability) factors to optimize
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Operations Lead at
Hydroelectric Power
Company

User Community:
Power Utility Management

Who are they?

They are hydrologists by training
with years of experience supporting
energy generation workflows. They
oversee balancing economic and
environmental (e.g., water
availability) factors to optimize
generation across the utility's
generation resources.

Intermediaries W

Operations Lead at
Hydroelectric Power Company

Who do they work for?

Along with their colleagues, they
work to safely and reliability
generate electricity for the
population of consumers and
companies in their service area.

G{y29¢ oI GSNI Sl dz
huge resource for us. We rely
heavily on SNOTEL data to
forecast our water supply for the
YSEG &SI N3¢
T Operations Lead,
Hydroelectric Power Company
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Operations leads manage economic and
environmental factors in coordinating
operations across generation facilities.

What decisions are they making (and how) today?

They consider economic and environmental data to coordinate and
maximize the efficiency of power generation across multiple
hydropower facilities. To inform decisianaking, users collect data into
a Flood Early Warning System (FEWS) database that organizes and
manages data inputs; then they use models to forecast flow at various
time scales. Using monthly internal SWE data, they monitor how far
they can draw on reservoirs to help ensure they are only drawn down as
far as they can be replenished. Using +ade river gauges, lake
elevation gauges, groundwater monitoring wells, calculated flow
discharges from their facilities, and forecast data from the NOAA river
forecast centers, they plan their weekly/daily discharges to maximize
their ability to respond to system changes.

Do they have experience with EO data?

They do not have significant experience processing EO data. So, they
need highlevel data products that can be incorporated into their
internally generated flow forecast data in order to use EO data. They
look to thirdLJ- Nlié F2NBOFadaxz tA1S GKS ¢t
system models, to incorporate the best available flow, precipitation,
snowmelt, and drought data into their models.

What do they want or care about?

These users want to improve their flow forecast data to enable more
accurate planning of their reservoir management and more accurate
forecasting of power generation.

RIFGE Aa |
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Operations Lead at
Hydroelectric Power
Utility .
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great data at higher altitudes,
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warm weather lost snow at
lower elevations. So, we
sometimes have to make
qualitative estimations of what
the impact of things have been
G t€26SN) St SO GA
T Operations Lead,
Hydroelectric Power Company

al ye
observations would be great to
work on. However, maybe our
wish list is not big enough
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T Operations Lead,
Hydroelectric Power Company
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What are their technical needs?

They care about and are generally interested in improvements to their
data across daily, weekly, and seasonal time scales. They are interestec
i imptoVehents 482SWE data, and they face challenges with its
availability at only specific elevation levels. They also rely on indirect soil

R 2 ¥ Q (i mostBr& assumptions in their hydrology inflow forecasts, and they

would prefer to have more frequent (e.g., weekly) data to better
understand infiltration and runoff. They are interested in better
understanding aquifer discharge and rechargs least a 3to 4-month
timescale; they think better resolution snowpack data, better lkbagn
weather forecasts, and other data could help them understand these

"¢
What would motivate them to use NASA EO data?

They would consider using NASA data if it (1) were simple to find, (2)
were easy to import/download in appropriate formats to be
incorporated into their models, and (3) offered improved accuracy in
their work (either by providing more accurate data, providing data more
oftgrvor qu_viﬂfig Iglata they do not have access to today).

What are their adoption barriers for using NASA EO data?

It has been challenging for them in the pastto understand what NASA

afa groducis @ _isEandAhgw to access them; they say a clearer
i\ﬁz\nto%d of%AéA data products would help them with this issue.

G{2YSGAYSa GKSNB YI& 6S RI
available that we are not aware
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T Operations Lead,
Hydroelectric Power Company
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Across user communities, users indicated SDC
observables are of interest for a range of use cases.

Deformation data @\ L’; ?A .[ﬂ 5\“ '.R. A

A Inthe O&G, mining, and water utility communities, deformation data can e nable monitoring of risks to distributed infrasifed.,
pipelines, dams, levees) that are otherwise challenging to monitor. SDC data could serve to augmesohigion SAR, other® and
on-the-ground data in these use cases.

A Specifically in the water utility management community, deformation data can also help monitor and regulate groundwatemvaithd
T filling in gaps between spatially limited grouhdsed sensors. The community sees this scenario as a promising use case, Witho
limited operational adoption so far because the cost of INSAR processing is seen as a potential barrier to further &tpptieral, this
community desirs abetter understanding of groundwater resources, potentially enabled by deformation data.

A Specifically, in the property geohazard risk analysis community, users are interested in using subsidence data to inguovadyef
risk models. Without subsidence data, models can underestimate flood risk and building damage risk. These challengesasénof i
importance to the community, and this increasing importance may drive adoption of subsidence data in the future. But fizensin,
this community rarely use subsidence data in their decisi@king.

Soil moisture an8WHlata @\ L’; i;g ﬂﬂ x ‘. A

A Soil moisture and SWE data are seen as critical, in addition to precipitation, river flow, groundwater, and other dattigtingpr
droughts and managing resources during droughts for water utilities and power utilities, as well as real estate and inBlesackta
coulo[ info,rm decisions at a daily (for thg utiliies) and annual (for,all communities researched) scale. Better covehetg ¢6\s ’ ;
't GAGdzRSa FyR aLl aAlf NBaztdzZiaAzy Aa aSSy | a -makKilgNR Ay 3 dzi At AU A
A Specifically, in the property geohazard risk analysis and power utility management commhbitties,s patial re solutiosoil moisture
data could help inform more accurate modeling of the risk of floods and fires.

A Soil moisture also supports water and wastewater pipeline leak detection in the water utility management community. Hexata, the
can reduce nonrevenue watgelated losses and prevent damage to utility assets. Higher temporal re soluband_quadpol dataare
seen as critical for unlocking the potential of this use case, which is growing but not yet broadly adopted.

A Soil moisture data may play a role in supporting irrigation decisiaking in agriculture, but many agrochemical companieskegtical
itcan play more than a supporting role to time-ground data without daily repeat rate.

Vegetation and biomass data @’l L’} % jﬂ 5\“ 'ﬁ A

A The agricultural field analysis community values SAR data to inform crop classification, yield models, fertilizer manage m#rer
applications. Some applications are SAR driven, butin many cases, SAR acts as a complement to other EO data otthefpsddlim
optical data, which can be a significant challenge.

A SAR data are a significant driver of deforestation monitoring tools; these data are already at least a complementanjrifanp tiata
source for this use case today. Users vidvahd data from NASA as promising to enhance this use casesdandworks relatiely well,
soif there are challenges accessing NASA data for operational use cases, adoption could be slow.

A SARderived woody biomass data (density and height) may enable conservation finance use cases (e.g., forest carbon tranttig)) e st

of fire destructive ness for insurance risk models, and identification of risks to power lines. These use cases arelirstiagesof or
have notyetbeen adopted by commercial users.

A In current mineral exploration use cases, SAR is useful as a supplement to optical products, including in vagestionto ds.

Land cover data @\ C’} S Iﬂ 5\“ ;R. A

The property geohazard risk analysis community wants more frequent updatesto the U.S. land cover map (currently upgeied ever
years) and other land cover data to act as aninput to flood and fire models, and these data may also be useful to jii@sendil
others modeling flood and fire risks.

Ice and permafrost data @’)\ Lf; =mRR A

Ice and permafrost data are not as broadly adopted for decisiaking by the commercialusers RTI engaged in this study; haweve
property insurers do have a growing desire to understand permafrost melt impacts on the assets they insure, and in raofésteses
energy platforms analyze maritime ice to inform safety decisions (e.g., should the platform by moved at great costatigpstifeoes

feasible).
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Familiarity with and use of SAR data vary significantly
across user communities.

SAR communities of practice profiled in this report wausstainable forestry, agricultural field analysis, O&G
infrastructure management, and mineral exploration and extractidfor these communities:

A EO data experts at intermediary organizations typically drive the use of SAR and other EO data; these
organizations are generally well positioned technically to evaluate and adopt future NASA SAR products.

A Continuity, reliability, and ease in accessing data are top priotitisen higher priorities than any specific
data attribute or product.

A Desired improvements to the EO data user experience include more seamless access to data products viz
simple API, easy clotd-cloud transfers of thousands of files, clebdsed snipping tools to reduce file
sizes (but removing unneeded data) before exporting, removal/avoidance of seat limits for any organizatior
and assurance of consistent filmming conventions (to ensure user programs remain operational).

A Continuity with PoR data collection methods was raised as a critical need to enablediiee analyses in
many communities; lack of continuity (e.g., inability to combine SDC, NISAR, and Sedétekets easily)
could significantly delay, reduce, or prevent SDC data from being valued in some use cases.

A Typically, these organizations prefer to work from Level 0 or SLC data products. They would potentially val
higher level products, especially those that would simplify workflows. But lack of standardization for higher
level products across SAR data providers makes them wary to build their internal processes around higher
level products. Lack of standardization is a problenauseusers source data from multiple providers to
incorporate into their workflows; they need to source files of the same type (e.g., SLCs) to enable easy
integration into their workflows. Before adopting higher level products, they want more global
standardization for higher level SAR products across both government and commercial providers.

A Typically, SAR and EO expertise is provided as a service to end users through external intermediaries. The
agricultural field analysis community is relatively unique in having SAR expédsse at some of the
largest companies in the community (i.e., agrochemical companies).

There is less familiarity with and use of SAR data ipitbperty geohazard risk analysis, water utility
managementandpower generation and distributiorcommunities. In these communities of potential for SAR
data, note that:

A Although theproperty geohazard risk analysis commurtitys limited experience with SAR data, they have
some experience with SAR and significant experience processing other EO data. EO data intermediaries i
this community (typically external to large insurance and real estate companies, although some insurers
have internal EO experts) will likely be able to learn how to incorporate SAR data into their models if a clea
beneficial use case is identified. They may be able to work from SLCs but would be open to and sometime
prefer to access higher level data products.

A Of the communities profiled, the water and power utilities communities have the least experience with SAR
data, and most organizations in these communities have limited familiarity with EO data processing in
general. Exceptions to this rule are water resources consultants and startups beginning to elfie@s &
services to meet the needs of utilities. Besides these users, end users primarily accdssdli§l® data
products through federal or state government partners. Water resources consultants and startups, as well
government partners, are the primary avenues through which use of SAR data in these communities can
increase.
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A better user experience accessing EO data and
continuity were often on par with, or a higher priority
than, specific data attributes across communities.

This analysis reflects the input shared by a representative selection of users engaged throwgkooae

interviews and a series of focus groups, during which users discussed their priorities and needs with RTI, NA
scientists, and other users in their community. These takeaways are illustrative, but not exhaustive, of users i
each community.

The table below reflects key data attributes and priorities for each user community. User preferences for
spatial resolution, temporal resolution, spectral band, and polarization varied not just by community, but also
by use case within each community. The valudmid in the table do not necessarily work well for all use
cases in the community; thedmld values are instead provided to indicate a value acceptable to most use
cases in the community.

Table Legend

Valued in Most Community Use Cases
Ranges are (bestase attributed; preferred) (worstcase attribute where data still value

Valued Data Attributes

Data Attribute Priorities High Priority Expressed by Community Engaged in RTI Study
Valued But Not a High Priority Expressed by Community Engaged in RTI Stu

Valued Data Attributes and Priorities

User Communi
ty Spatialres. Temporal Spectral Polarization| Latency Coverage Continuity Other
res. band area

Property Geohazard 10 m 7-day bb{t;??]grs Duakpol vaZjLﬁS

Risk Analysis <3¢30 m | Dailymonthly valued singlequad Low prioriy
L-band

. 10 m 7-day but Cband

Sustainable Forestry 8 q.a0' IS

value

Agricultural Field 10 m 7-day
Analysis 2¢10 days

Oil & Gas i
Multiband single pol
Infrastructure But L-band -
- Singlequad
Management unique value

Long time series
helpful
for historical
analyses

Mineral Exploration
and Extraction

N Multi -band Long time series
Water Utility Quad pol Watershed helpful
but L-band } - :
Management unique value Duakquad Regional for hISIIOI’Ical
analyses
Long time series Easier pathto
Power Generation Variable . Regionat helpful understand
and Distribution 10¢100 m Nonspeciic/  Dual pol National for historical available NASA
analyses products
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10-m SAR data are valued for use cases across these
communities, but for some, it may be combined with
higher resolution data to improve decistoraking.

Across communities, users stressed that their data attribute preferences are specific to use cases, and even
for a given use case, preferences vary based on the project budget and other constraints. For global coverac

use cases (e.g., deforestation monitoring, globaeason yield projection models), users generally employ a
fixed number of one or more data sets (e.g., Sertin8L C files only) to build models that inform decision
making. For sitspecific, projecbriented use cases (e.g., INSAR monitoring of transportation pipelines to
reduce geohazard risk), service providers may combine multiple data sources of varying spatial resolution
and cost to meet project needs; for example, hrgholution data may be sourced in higbk areas, like

near fault lines or river crossings.

Generationand

Distribution

Selected Spatial Resolution Preferences

<inmglm 3¢7 m 10m 30m 100 m
|
® | | | >
M .

Property _ . / ) \ )

Geohazard Risk >UPsidence analysis to inform  Sypsidence analysis to reduce

Analysis structural damage risk assessment fotynderestimation of flood risk

commercial property insurers (10c30 m)
(3¢30m)
’& Sustainable ® ®
C ’ Forestry Deforestation monitoring to inform
sustainable commodities sourcing
(3620 m)
: * Agricultural [ — o0
?A FieldAnalysis  sARbased vegetation indices to Globalinseason yield projection models to
inform crop nitrogen management inform seed production decisiemaking
(3¢20m) (10520 m)
® o
alflrfsct;rizture INSAR monitoring of transportation
Management pipelines to reduce geohazard risks
(1¢10 m, varying by risk level to specific
section of pipeline)
H
“ Mineral ¢ " T ¢ o SAR for mineral exploration (e.g., vegetation

Exploration & INSAR for stability monitoring of tailings _ ploration (€.9., veg

V4 Extraction dams to ensure safe operations masking, rock type identification)
(1c10m) (30 m)
0/—. >
A \I\//IVater Utility Soil moisture analysis to optimize  INSAR to inform groundwater
Iy anagement drinking water pipeline |eak pumpinglimits set by
detection and maintenance subsidence district
(3¢10m) (10c30 m+)
M
Power

SWE data to inform hydropower
operation optimization
(<50;100 m+)
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This graphic is not exhaustive of all use cases within these communities or of all use cases discussed in this sigbidnTdfisse cases illustrates the spatial
resolution needs across all communities profiled.
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Temporal resolution needs range from daily to longer
than monthly repeat rates; multiple data sources may
be combined to achieve target repeat rates.

For more regular, operational (daily or weekly decigimking), and sometimes safetyitical use cases,

temporal resolution (along with latency) is typically a Rugiority attribute that defines if a data product is

viable for a given use case. Notably, manyla®ed service providers combine multiple data inputs (e.g.,

data from many SAR constellations) to obtain a desired temporal resolution for a given project. Thus, for any
RIGF LINRPRdAz2OGS FlLAfdNB G2 YSSG | ALISOATAO dzaS OlF a
valuable in that use case; it does mean the data may have less utility in that use case.-FEamangk

forecasts (e.g., subsidence analysis to reduce underestimation of flood risk, INSAR to inform groundwater
pumping limits set by subsidence district), temporal resolution and latency are less critical.

Selected Temporal Resolution Preferences

Intraday/daily  2-to 3-day 7-day 1l4-day Monthly+
® | | | | >

Property :

Geohazard Risk Subsidence analysis to inform structural damage risk assessment/reduce underestimation of flood ris
Analysis (~monthly data desired to inform quarterly risk model updates)

Forestry Deforestation monitoring to inform
sustainable commodities sourcing
(2-to 10-day)

Agricultural @ o -
Field Analysis -

’\ ustainable ® ®
la -
=

SARbased vegetation indices to

. . Globalinseason yield projection models to
inform crop nitrogen management

inform seed production decisiemaking

(- to 7-day) (7-to 18-day)
Oil & Gas [ o
m Infrastructure INSAR monitoring of transportation
Management pipelines to reduce geohazard risks
(1-to 7-day)
“ Mineral o . o ®
Exploration & InSAR for stability monitoring Of. SAR for mineral exploration (e.g., vegetation
/ Extraction tailings dams to ensure safe operations masking, rock type identification)
(1-to 7-day) (~monthly/low-priority)
A Water Utility ¢ . . . - - ® i i
Management Soil moisture analysis to optimize drinking water INSAR to inform groundwater pumping
¢ pipeline leak detection and maintenance limits set by subsidence district
(1-to 14-day) (~monthly)
Power ® ®
A Generation and SWE data to inform hydropower
Distribution operation optimization
(14 dagmonthly)
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This graphic is not exhaustive of all use cases within these communities or of all use cases discussed in this sigbidnTdfis se cases illustrates temporal
resolution needs across all communities profiled.
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Beyond spatial and temporal resolution, other data
attributes are seen as critical to enabling potential SDC
use cases.

Spectral bands @\ C’; e m 5\" '-R. A

A Users across most communities expressed thaid data from NISAR, and later SDC, would be critical to improving or e nhkling t
use cases. Across communitiebdnd is valued for vegetation penetration.

A In some mining use casesyand provides unique value given the severe deformations occurring on site; phase unwrapping pescedu
are simpler withiband in these use cases because ofthe longer wavelength. However, users in this community also e xpddtighnee
resolution Xand Cband data to satisfy their monitoring needs.

A O&G pipeline monitoringusersseéll YR | & LI2GSyidAltte SEGSYRAYy3I (GKS oA IS matavaeg 27T
a 4month summer period during which snow cover does not negatively affecti@s& pipeline monitoring. NISAR is seen as an
opportunity to better understand the utility ofband in thisregion. Like in mining, users in this community expect to aksbhigh
resolution Xand Ghand data to satisfy their monitoring needs.

A Agricultural use cases benefit froma variety of SAR and other spectral bands, so users in this community e xpressedsirs fang
multiband SAR data. For these usesBahd is particularly useful (compared withaid Gband) for crop classificatioécausét can
better distinguish between crop classes) and for soil analysis (including soil moisture analysis) because of its @béitsitegenser
crop canopies. Leading agrochemical firms expressed thatifthey had to choose one spectral band, they would likelpahdfise L
crop classification and soil moisture (oveaXd Gband), and they would choosebénd for detecting iffield ponding and croppdging.
Butusers stressed significant benefit would be derived from muliiband SAR availability. Be yoran@ Eband, multiple uses in this
community expressed interest iAd&nd to provide deeper insight into plant and soil properties; one notb@Rd does not appedo be
of interest to commercial SAR vendors.

A In the sustainable forestgommunity, users expressed thaband should provide less noisy data for forest change detection compared
with Gband, butthatitis too early to say ifthis offers any valuable benefit or advantage dendCin that use case; they sySAR will
make thisclear. They also saiddnd would be valued for its ability to enable more accurate carbon stock modeling and canopy
classification (via forest structure/moisture content from the SAR data) to improve forest characterization; this is sable d@s
improving both deforestation monitoring and supporting reforestation use cases.

P olarizations @; L’; éé .[ﬂ :\" 'R. A

A Users with use cases focused on soil moisture, SWE, biomass, and ve getitied observables s ee duabl observations as dital to
theiruse cases.

A Users who can work from singi®l data do see some benefit from the availability of dpel data.

A Manyengaged users (e.g., agrochemical companiesh8#eér! |eak detection service providers, deforestation monitoring service
providers, mineral exploration service leads) expressed that p@d ata would significantly benefit their use cases. Forcagiriral and
forestry-related use cases, qugtbl data were seen as nice to hawvet not more important than meeting the spatial or temporal
resolution needs ofthe use cases. For mineral exploration and soil majbased |eak detection use cases, qyaud data are sen as
critical in enabling the use case.

Look geometries C@\ C’; s .[ﬂ 5\" -R. L

Lack of dualook geometries for high temporal resolution and free SAR data in North America was identified as limiting ik mexa
commercial SAR monitoring services for stability monitoring servicesto O&G companies, mining companies, and water utilities.
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b! {1 A& 4SSy |a | afATFSH
accelerator for use of EO data by intermediaries
processing EO data for end users today.

+!1 {t& 3JFAY LI26SNIFNRBY GiGKS 3IAl Yy
and data infrastructure, big companies would not engage with them.

Use of SAR data requires specialized skills that are often aimed at niche applications and enabled by small
2NBIF YATFGA2ya 2N) odaAAySaa dzyyAda GKEFEG FOG a Aydas
and communication about future plans are critical to the success of these firms or business units and their
ability to bring the data to privatsector users to enable economic, environmental, and societal benefits.

G¢KS 2LISNI) (A bgsed | VR & (.S f
, : a2 Klwu
observations for remote sensing are
still a young infrastructure. If NASA
works with service providers to

biAYS ak2dd B O2yarRe
on the technology fromt enabling
quad-pol and other specsand letting

improve accessibility, stability, and private sector uncover I‘"’“?d ﬁe‘ée"’p

communication on plans and changes, nnovative waxs;ol e>f<pf0|£t € ata

FR2LIGA2Y 6AtE F0OS: NS HNP cSARFScﬂ)SZdVASP
¢ SARFocused VASP

In some industries, EO data adoption will accelerate when an innovative
leader enters the market such that others will need to follow to compete.

Adoption of new enabling technologies to create new products and change markets is associated viath first
market advantages, but also is often hinderedskstus quoinertia. Existing market solutions often are
entrenched in various risk models and workflows. In some-t&&Rd applications, if NASA empowers an
innovative solution (via one of many engagement mechanisms) that results in an industry leader adopting the
solution, the rest of the industry will follow, as will the acceleration of EO data use in that application. Without
NASA as part of the momentum behind these efforts, they will take longer to emerge.

G¢KS AyadzNI yOS Ady/LRTzali NBB Myaa dzNJ y OBD DSIYNY WRy i Ay O3

quite traditional, yet climate starts to use remote sensing help use remote sensing
issues are quickly arising, and data, the rest will have to (maybe with regulation) for
remote sensing data is an F2t €206 adza i oé better management of nitrates
obvious tool for which most will have real environmental
companies lack understanding dzLJA A RS ®¢
YR OF LJ OA (& ¢ ¢ Former Reinsurance

¢ SARFocused VASP Map Product Developer ¢ SARFocused VASP
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Increasing awareness and capabillities associated with
using SAR data will drive further commercial use.

Even in user communities that significantly benefit from SAR data today,
end users have little familiarity with EO data.
SARbased service developers face challenges communicating the value@efdi®d solutions to their

customers, who typically have limited to no familiarity with the concept that NASA and other organizations
capture E@ much less the potential benefits of EO data to their decistaking.

aLT L ¢gla 42 lal ~MZnnan
b! {! 4l & R2Ay3 F2N GKSY:
0STdzZRRf SR t221a& YR KSII

Gdal 1 AY 3 -cakssienkd ndie

approachable for public consumption ¢ Former EO Technology Lead,

and use inimproving public's quality Agricultural Platform Co.

of life is key to future success of
LINE I NJ Ya ¢ o ) N\ L A
¢ Commodity and Risk a9 @Sy edzaid Iy AYONBlIas |

Management Executive, awareness about the potential of SAR
Ingredient Company data would be beneficial for the market
YR GKS | LILX AOF A2y adé
¢ Executive,

SARBased Service Provider

Increasing endiser awareness of the benefits of EO datathe context
of decisions that matter to themcan meaningfully drive increases in the
use of EO data.

Across communities but especially in the agricultural field analysis communigers stressed the need for
clear demonstrations of benefits of EO data in the context of a specific, bustnéisal use case to drive
adoption.

GLFT AYyy20FG0A3S FIFINYV¥SNE KSI NI |62 dz

satellites before we arrive [to sell 6, 2dz OFlyQiG dzasS I NBaASI N
AaSNDAOSaBx (KIFGQa NBnthrdesmakfgrnggrlewmasx 9 (! A a
doing really well evangelizing satellite evidence that [a new field analysis
data. People know about Copernicus tool] is globally proven and ready for
[in the EU]. But radar data is still a O2YYSNDALFt dzasS e
KAIK dzyly2z290y de ¢ Technical Lead,

¢ Executive, SARBased Service Provider

SarBased Service Provider
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Industry partnerships, as well as training events and
research collaborations, can help communicate the
value of NASA SAR data to end users.

Industry partnerships, training events, and improved collateral can help
communicate the value of NASA SAR data to end users.

Industryfocused training opportunities and research collaborations could help potential users better
understand EO data in the context of their decisioaking, and industry partners can help communicate
the benefits of EO data to end users. Live monitoring platforms, beyond only static marketing sheets, can
KSt LI YF]1S GKS @FtdzS yR o0SySTAdua 2F 9h RIGF Y2NB
them. ; 5 . ~ . .
aLl0 ¢662dd R 0S ANBILU 02 K
. ~ ~ of somewhere, like Yellowstone,
ab! {! g2dd R 06S oSttt §urehile tbuldsBow clients live

partner, in some capacity, with the monitoring with SAR data and other
bigger ag companies that have data. To make it real for them. The
touchpoints at the tarm gate. To help NISAR page shows a picture of a
wb! {16 Ysaal3ds sKIU G OENE RFZAYIa y2i | Oddz
and communicate the value of the data: when it launches, we need
data. This,v!ould help obfuscate the O2ffFGSNIf &K2¢Ay3a NBIf
WYEauSNEQ 2F b! {! X Y 2 & lTecAnNA 1% &1 Ndhing Industry
have no idea NASA provides Earth o Focused VASP
20aSNDIFGAZ2Ya YR RFEGF LiNE RdOG a @

¢ Former EO Technology Lead, GUCKAY] fA]Sshow Sy iNBLNE

Agricultural Platf : . A o = % = = :

gricultural Platiorm Co Gt dSs SELX LAY F00Saas ¢
¢ Commodity and Risk Management
Executive, Ingredient Company

EXxisting professional industry networks and research organizations enable
understanding needs and communicating dataduct value.

Plugging into professional networks can help NASA engage directly with data users, gauge their level of
knowledge and interestin data products, and ultimately disseminate data products and communications
about data product changes. Recommendations from users in this direction included global, regional, and
technical networks and associations.

oBlueTecliResearch is the premiere
G/ 2t €t 102N A2y A 0GK hedxarmonildnding site for the water
associations and spadmisiness AYRAZZGNE X KI@AYy3a GKSY
a420AFGA2ya | NB KSt LBedzsesFaddydomeé valfity, hecauised £
we and our competitors already trust
¢ Technical Lead, GKSYZ IyR (GKSe& 1y26 2dzNJ
Mining IndustryFocused VASP ¢ Innovation Lead,
Water Technology Company
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NASA can engage the private sector through R&D to

help develop nexgeneration data products, improve

the data user experience, and unlock new use cases.

Privatesector stakeholders can be leveraged to provide consistent
feedback on higlevel data product development.

NASA could lean ame privatesector communities of practice for S&RRcontinue to understand how

particular user communities use, could use, and value new data products. Building from the RTI user
centered research, NASA should continue to bring in the voice of different customers as data products are

developed. Users want to use hitgrvel data products in their workflows, but lack of availability and
standardization prevents this.

formats and easier access to ready
o L. D to-use products for agpecific
azs gbyd U2 LINEOSaa Téﬁhﬁli(,Yatiohsastr@;\lsré-quires
products, but there are no standards ~~ arnership with industry and NASA
X Sl OK LINEYJARSNJI dza SNAy RAE Eﬁé\@g{uu dINHs 58
processors or cleaning. The Level 1 AKFNAY3IQ 2F LI ad 8

products from space agencies are the programs to something more
Yzau aulots oaz Sl aiSNadindu, Wthgedi targets to
¢ Executive,
Deforestation Monitoring
Service Provider

a
y 3

¢ Geospatial Engineering Lead,
Large Agrochemical Company

G¢2 | OKAS@S Y2NB Y2RSNYy

L 2o«

YFE1S NBIFf LINRINBAEa&PE

aLGQa O2adfe FT2N dza (@2 200 NINED (A NRRdRIE 2y RIEF G

elevation of Sentinel data inrhouse; documentation are also good; they can

0dzi 6S R2 Add 2SQR f Ahelcorndcting private!cgmipanynkdlds A (i ®d

GKLIzOf A Odé

¢ Data Scientist, ¢ Data Scientist
Large Agrochemical Company Agricultural Platform

R&D collaborations could also help prove out new use cases of interest.

R&D projects executed with a given user community, in conjunction with NASA support and data resources,
could help create a basis for the adoption of EO data in new use cases. For example, for O&G pipeline

monitoring, it is unclear how NISAR might affect the ability to provide monitoring beyond the shoulder

season in Arctic areas. In the property geohazard risk analysis community, the incorporation of subsidence

data into flood models is of interest but not yet demonstrated in commercial use.

Gt 24 S ynukipofSARFf@ Bliface G2S g2dzZ R 0S AYyiUSNBaGSR
compositional mapping is quite with NASA to combine our SAR and AIS
interesting. This potential was always expertise to develop maritime ice
touted by CCRS for Radar8atout this shipping lane applications when the
application was never developed or GAYS A& NAIKUGPE
RSY2yaidNy iSRS

¢ Technical Lead, ¢ Technical Lead,

Mining-Focused EO Service Provider SARFocused Service Provider
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NASA has an opportunity to build on its support for
SAR communities of practice to help grow broader use
of SAR data in the communities.

The table is informed by interactions with a representative selection of users in each community who were
engaged through onen-one interviews and a series of focus groups, during which users discussed their
priorities and needs with RTI, NASA scientists, and other users in their community. The following four
communities have greater levels of SAR use than other communities profiled in this report.

Key Takeaways Potential Pathways Forward for NASA
Sustainable Forestry Communiw'}

A SAR brings significant reliability enhancements over opticald Prioritize engagement (e.g., workshops designed to ease transition to incorpor:

data because it enables consistent data availability for of NASA SAR data into workflows based on Landsat or Sedifihere because
deforestation monitoring in cloudy regions, especially inthe  there is a natural synergy between NASA and community organizations (from EO
tropics. service providers to FMCG companies buying carbon offset credits) in wanting-
A Data processors see free data as essentialto commercial use the story of the power of EO data in enabling sustainable business decisi&ing.
cases given their expansive monitoring needs. A Address community concerns about switching costs (e.g., normalizing harmonizing
A Speckling can be a challenge for SAR image quality; tools or data, creating new training data, creating new models) to go from Senfiriel
data products to address this problem could be valued. NISAR or SDC and the EO data user experience to ensure NASA SAR data are

Agricultural Field Analysis Communid:

A SAR is a current key driver of commercial yield estimate A Work with privatesector firms to develop nexgeneration data products that
models at large agribusinesses, and itis also used in various improve use cases for agrichemical firms, farmers, and agricultural insurers.

other use cases beyond the scale of field management Commercial crop modelers want to have a more technical working relationship
decisions. NASA to codevelop data products ideal for commercial use cases.

A Currently, agrochemical companies and vahdded service A Recognize that agrochemical companies and VASPs are convinced of the valu
providers (VASPs) spend significant time and internal data in this community, but farmers are relatively unaware and unconvinced of the
resources correcting (radiometrically and for elevation) value of EO data. Work with privasector organizations to increase awareness of
Sentinetl SLC files to enable their global use cases. They and champion the commercial applications of EO data with end users. Using trt
want to work together to achieve more modern data forma existing relationships and communication channels can help NASA go further and
and access methods that make commercial use easier. faster in this community than they go could alone.

A Inmost use cases beyond field management and in some A Recognize that farmers are squeezed financially from all directions and that some
field management use casel)-m data products delivered potential EO data use cases with societal value (e.g., reducing nutrient pollutiol
every 2 to 3to 7 days will be valued. But many decisions at  not provide a driver for farmers to learn about and adopttE3ed solutions.
field scale require higher spatial and temporal resolution Privatesector firms can help NASA delineate sciefoceised and commercially
data. relevant use cases. Use cases driving real financial value should be prioritized.

0&G Infrastructure Management Communm

A Tihe ;&dusng has iaﬁlrea:dy ad]?r;])itehd InS?RZforrdnr}onkltonngnof rA Recognize that organizations in this community may be hesitant to engage directly
Faﬁﬁ Iin?:s)a specific areas of high geohazard risk (e.g., nea with NASA. They may be wary of new technology solutions that impose higher
A Risktools that provide certainty in decisiaraking are E)en.gt;ﬁet??/t\)/:;asyi/nc;fsr;ew regulatory requirements they must adopt at their own expe
ﬂgsk:-r‘edkby p|pe|:_r|1e owner? aptrodss alltplrellgfs, nOtJUISt M A When engaging them, consider the risk they perceive and work to mitigate it.
lgirisk areas. However, limited spatiatand tempora A Consider there may be significant opportunities for creggncy collaboration

resolution, vegetation penetration, and look geometries ov ) . L
the United States have made it challenging for monitoring between NASA; thBepartment of Transportatiqnhrough the Pipeline and

ASNDAOS LINPOARSNE (2 RSEtAODS NJ:‘@Z é%ofdﬁj'v.l-atf‘i” Oy §a§ft¥lﬂ“§“i”i§§t '0”;6‘?"%% r:&”?”f%&gﬁf&%?’fmtf §
Sentinetl. NISAR or SDC may help expand adoption across Olat‘ reshs_ plpe.tlhekmonldorlng ngets_, ©s€ pariners have afready bullt fruste
long pipeline assets. relationships with key end users in this community.

Mineral Exploration and Extraction Communifi}

A Using InSAR in pit mine and tailings dam stability A Leading Edased service providers value NASA, but they are generally well
management has a clear business case, which has led to positioned to adopt new NASA SAR products without significant support from N
significant increased adoption of INSAR in the miningindus A Recognize that EO service providers want reliable data access and a better use
inrecent years. experience (to ensure no delay in informing safetitical decisions), and they

A NASA tband data will be highly valued because the longer would value communication of longer time horizons for SAR missions to help a:
wavelength is key to phase unwrapping procedures for use their clients that monitoring solutions are here to stay.
cases with large deformations; however, users expectto usd Increase the use of SAR data with research and development collaborations or
various SAR bands/resolutions to meet client needs. peerreviewed research specific to mineral exploration use cases.
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For communities of potential, NASA might look for
opportunities to provide technical support to improve
use of EO data (including, but beyond, SAR).

This table reflects key takeaways and potential pathways forward for the remaining three user communities,
which have lower levels of S&Rperience and understanding he table is informed by interactions with a
representative selection of users in each community that were engaged througbnemee interviews and a
series of focus groups. Users discussed their priorities and needs with RTI, NASA scientists, and other user:
their community.

Key Takeaways Potential Pathways Forward for NASA

Geohazard Risk Analysis Com mu@

A Currently, flood risks are the primary concern to risk A Recognize that organizations in this community have significantly invested in
modelers in the real estate and insurance industries; SDC  existing risk models, and they can be risk averse in adopting new models and data

can improve flood risk models by accounting for sources. Further, those processing EO data for this community may be hesitant to

subsidence. discuss technical modeling approaches with peers. Recognize these factors and
A Subsidence impact from aquifer drawdown and develop programs that support that culture. Design programs that organization

permafrost melt are of growing concern because of the comfortable participating in without expectations for shared visibility into internal

associated potential for building damage, and commercial processes inreturn.
property insurers look for ways to capture this risk in theid Ensure data products enable long tirseries analysis (e.g., combining Sentihel
models. and NISAR data easily) to enable the long tseeies analysis desired by this
A To inform models that forecast future hazards, long time community.
series, free, expansive data are valued over high spatial A Enable developers of flood models in this community, both private and public, by

and temporal resolution data. providing technical support to help incorporate subsidence data into their models.
A Improved temporal resolution on land cover national me A If possible, partner with the U.S. Geological Survey to increase the refresh rate of
would improve fire forecasting. the land cover national maps, targeting ayéar update frequency.

Water Utility Management Community';’

A InSAR is valued to complement groubased, spatially A Work to unlock the barrier to scaling useloBARor monitoring groundwater

limited subsidence measurements in monitoring withdrawals. Existing users said the costni8AR oftware is a barrier. NASA should

groundwater depletion, but the cost of INSAR software further engage these users to determine if (1) highrel data products from NASA

limits use in this community. can obviate their need fdnSARprocessing internally and (2) solutions thatreduce
A InSAR canimprove dam and levee management, and the cost barriers associated withSARrocessing for these users can be found.

surface water extent may help manage dam flood risk.
However, temporal resolution needs are intraday in order

to replace existing safetgritical, groundbased sensors. Across both communities:
A Higher temporal resolution quagol L-band data are A Decisiormakers value SWE data products. Consider engaging these
desired for polarimetnbased water and wastewater leak communities together in the future if NASA gains additional insight into the
detection. O2YYdzyAiASaQ {29 RIdF LINPRdzOG ySSR&a®
A Enhanced SWE data products would improve drought A Using SDC data can benefit these communities, but SDC data play a more
prediction; granular soil moisture data could help manage complementary role to other EO data in potential use cases than a driver role
droughts. in many cases. NASA should consider this fact and not lead with SAR data
- . roducts when engaging this community.
Power Utility Management Commun'ﬂ A FI:%ecause they do r?otgha?/e significant Eg) expertideounse, utilities rely on

A Enhanced accuracy and coverage area for SWE products external.partners, including federal agencies (e.g., NOAA regiqnal river flow
would improve hydrogeneration asset management. forecasting centers) and privatgector consultants to enable their use of EO
A Soil moisture, surface water extent, and Ssed activity data products. Ensure that future NASA engagements with this community
monitoring could help manage power distribution risks recognizes this fact. Direct engagement with utilities can help NASA
related to drought and fire and righif-way management. understand their data needs, but utilities will need NASA, other government
organizations, or privatsector partnersto incorporate EO data into high
level data products before use.

Note that in the context of this report, the property geohazard risk analysis community includes real estate inveseossimagkatplaces (i.e., an online
platform where buyers, sellers, and other real estate stakeholders can interact and learn or share about specific pap eties)ys working téorecast 99
the risks geohazards pdseproperty. The study did not focus on organizations that use SAR resipdiod to gechazard eventdthough some companies

(i.e., insurance companies) from the property geohazard risk analysis community may also be involved in those activities.
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ED:‘RTI Innovation Advisors

Methodology

The goal of this study was to provide support to the SDC R&A team in identifying and characterizing potential
end users for the future SDC mission, with a focus on prsattor and nontraditional users. The potential

users identified through this study provided insights into their needs, uses, and motivation for using data and
data products that could be created from the future SDC mission. The insights from these users may help
increase the overall value and benefits from the future SDC mission. The more data attributes and products
that align with broader user needs, the greater the opportunity for their adoption of these products.

A design thinking approach to identify, prioritize, and investigate user community needs

Approach Engage Discover Engage Discover Engage Discover
SQupport to DO LD Snsgrmd_ End-User Use Cases and
Tasks - Study Teams Engagement Anecdotes

Characterization
(444

¢cee

¢ccq (SSSY

A Consider applications A Understand and A Engage end A Develop use
A Develop engagement profile usesand usersand cases
strategy end users communities A ollect
Activities A |dentify and A Assessand with DOteams anecdotes and
characterize end users characterize testimonials
A Qupport CAR end-user
J preparation communities

Because the goal of the study wasutacovemew potential users within nontraditional areas, our
methodology was based on design thinking principles. This approach enabled the SDC R&A and RTI team
tackle the task of finding potential users of future mission data and understanding their needs and priorities.

To kick off the project, we designed and conducted two virtual workshops that included the SDC, MC, and
L/t FLILX AOFGA2ya GSFYA (2 & dzNFse€dbindiskiSs andMpplicRisned U
for these future missions. Through the workshops, we identified areas where multiple DOs may benefit from
joint discussions with end users and created a common base of knowledge to launch our efforts.

welL GKSYy SYLX 28SR 2dz2NJ GAYRdAZA GNE 2038 SNISNE | LILINZ |
industry perspectives and who could identify potential use cases within their industries. We also conducted
secondary research to look for application areas, users, and intermediaries related-baS#dRools and
analyses. The SDC and RTI team met biweekly to discuss and prioritize these potential use cases and
companies.

2SS RSAA3IYSR I @GANIdza f F20dza 3ANRdzZLI F2NXI G G2 dzyO2
Each focus group ranged in size from 8 to 15 people from user companies, NASA, and RTI. These focus gro
included a combination of written input and conversations and provided SDC R&A team members with the
2LIR NI dzyAlGe G2 RA3I RSSLISNI Ayildz GSOKYyAOlIf |yR 20K
these conversations and previous interviews is summarized in this report.
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RTI and SDC collaborated to select areas of interest,
resulting in selecting seven diverse user communities.

Initial brainstorming with the SDC team, feedback gathered from Nd#n Space Research Organization
ISRO Synthetic Aperture Radar (NISAR) actiVvidied the SDC science application traceability matrix (SATM)
were used to guide initial outreach to various user communities. After 50 interviews with existing EO data
users and NASA experts, RTI prioritized a long list of potential user communities across several factors (see
next page). The goal was to select communities for profiling that are (1) most likely to value synthetic apertur
radar (SAR) data products NASA might provide, which are expected to align with areas SDC may have the
highest utility to meet Decadal Survey goals as mapped out in the SDC SATM, and (2) driven {sgptovate
actors to build beyond research communities already being engaged through NISAR activities. As shown in't

~

figurebelonz G KS O2YYdzyAluASa &St SOGSR F'yYyR NBaSINDKSR a

User Property Sustainable  Agricultural Oil & Gas Mineral Water Utility Power
CommunitiesGeohazard Ris  Forestry Field Analysis Infrastructure Exploration anc Management Generation anc
Analysis Management  Extraction Distribution

& H £ m R & A

Real estate  Deforestation Commercial Oil and gasasse Mine asset Water utilities Power utilities

investors, monitoring and growers, owners and owners and and their sernvice and their service
insurers, alertservice agribusinesses, theirservice their service providers, providers,
marketplaces, providers crop providers,who providers,who  workingto workingto
and their enabling consultants, worktoreduce workto safely efficiently understand and
service sustainable insurers,and environmental and profitability  predictand mitigate risks
providers  decisionmaking other and financial identify and manage local associated with
workingto in fastmoving agricultural  risks associated extract minerals water supply power
quantifythe consumer goods service with their from the ground risks and generation and
risks companies and providers infrastructure maintain distribution
geohazards other interestedin associated
poseto organizations understanding infrastructure
property agricultural
fields
SDC Themat
Areas
Solid Earth ¢
Hydrology ¢ ¢
Ecosystems 3 3 3 ¢ ¢
Cryosphere 3 £ ¢ ¢

Closedcircles () indicate thematic areas for which user communities were most interestingin using SDC observables per feedback gathered
during this study. Open circles () indicate additional thematic areas for which SDC observables were of interest.

A ) 3 102
1. Asperthdo L { ' w aAdaaA22y { OANSSARISamulidsdFEn@ry ladanymisgiof B fhake integrated measurements to understand the causes and

consequences of land surface changes activities. Its activities are relevant to this study because many NISAR datisw berfutuay users of SDC SAR data
products.


https://nisar.jpl.nasa.gov/system/documents/files/26_NISAR_FINAL_9-6-19.pdf?_ga=2.129501448.504649304.1621295245-843208160.1541002583




